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1.
1.1.

Introduction

Scope

This document represents the recommendations,
reached by consensus of an international group of
quality control experts, on the standard procedures
for product quality control (QC) for mass reared
tephritid flies that are to be used in Sterile Insect
Technique (SIT) programs. In addition, the
manual describes recommended methods of
handling and packaging pupae during irradiation
and shipment. Most of the procedures were
designed specifically for use with Mediterranean
fruit flies, Ceratitis capitata (Wied.), but they are
applicable, with minor modification in some cases,
for other tephritid species such as Caribbean fruit
fly Anastrepha suspensa, Mexican fruit fly A.
ludens, and various Bactrocera species. The
manual is evolving and subject to periodic updates.
The future additions will include other fruit flies as
the need is identified.
If followed, procedures described in this manual
will help ensure that the quality of mass-produced
flies is measured accurately in a standardised
fashion, allowing comparisons of quality over time
and across rearing facilities and field programmes.
Problems in rearing, irradiation and handling
procedures, and strain quality can be identified and
hopefully corrected before control programmes are
affected.
Tests and procedures described in this document
are only part of a total quality control programme
for tephritid fly production. The product QC
evaluations included in this manual are, unless
otherwise noted, required to be conducted during
SIT programmes by the field programme staff not
the production staff. Additional product QC tests
have been developed and their use is optional (see
ancillary test section). Production and process QC
evaluations (e.g., analysis of diet components,
monitoring the rearing environment, yield of
larvae, development rate, etc.) are not within the
scope of this document.
Quality specifications are included for minimum
and mean acceptability of conventional strains of
C. capitata. A. ludens, and A. suspensa. as well as
available genetic sexing strains of C. capitata, for
use in SIT programs.
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1.2.

Background

It became evident in several SIT fruit fly projects in
the 1970's that the mass reared fruit flies were not
performing in the field as expected. In an effort to
define and measure the performance of massreared flies and wild flies, tests were developed by
various workers. During the last 20 years (see
Appendix A), there have been systematic efforts by
various groups to develop a series of tests that
could be used to compare the quality of tephritid
flies, especially Mediterranean fruit flies, produced
at different rearing facilities. Those efforts led to
the production of several fruit fly quality control
manuals (e.g., Orozco et al. 1983, Brazzel et al.
1986). While USDA-APHIS was in the process of
revising one of those manuals (Brazzel et al.,
1986), the Joint FAO/IAEA Division sponsored a
Consultant's Group Meeting on "Standardisation
of Quality Control Specifications for MassProduced Tephritid Fruit Flies for Sterile Insect
Control Programmes" in Vienna from 5-9 May
1997. Participants at that meeting (see Appendix
B) used a revised version of Brazzel et al (1986) as
a basis for the development of a new document.
(An early draft of the Brazzel et al. revision had
been circulated for comment among agencies in
Austria
(IAEA),
Guatemala
(MoscamedGuatemala), Mexico (Moscamed-Mexico), USDA
(APHIS-IS, APHIS-PPQ, ARS), California
(CDFA), and Florida (FDACS-DPI).
Their
comments and suggestions, where practical, were
incorporated into the draft in late 1996).
Procedures and specifications described herein are
taken from the cited literature and/or are based
upon work done at Mediterranean fruit fly,
Anastrepha, and Bactrocera production and/or
research laboratories in Argentina, Australia,
Austria, Chile, Greece, Guatemala, Japan, Mexico,
Peru, the Philippines, Portugal, and the United
States (Florida, Hawaii, Texas).

1.3.

Rationale

The need for product quality control in SIT
programs
The goal of Sterile Insect Technique programmes
is to reduce or eliminate wild insect populations.
These programmes are effective when high
proportions of wild females mate with sterile males
and thus fail to reproduce. Successful application
of SIT requires that an effective ratio of sterile to
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wild flies (the "overflooding ratio") is maintained
in the field. Mass rearing and releasing a given
number of sterile fruit flies into the field is only
part of a successful SIT program.
Managers of SIT programmes also need to be
concerned with ensuring that, once in the field, the
sterile males can compete effectively with wild
males and mate successfully with wild females.
This is especially critical for insects that, like
tephritids, have a complex mating system.
Effective methods for monitoring and providing
feedback on the quality and competitiveness of
sterile fruit flies are critical to the success of SIT
programs.
Mating Behaviour and Sterile Male
Competitiveness in the Field
Competitiveness, a product of many individual
factors, is the overall ability of sterile males to
compete for wild females against wild males of the
target population.
The components of
competitiveness can be lumped into broad
categories such as ability to survive in the field,
mating propensity, mating compatibility, and postmating factors. The complexity of the these
various categories, and their relative influence on
sterile insect competitiveness, will vary depending
on the biology and mating system of the species. A
comprehensive QC programme for the mass-reared
male fly (end product) should contain a full scope
of tests designed to establish fly competitiveness.
Tests that are used must be tailored to, and
appropriate for, the individual species. To that
end, QC tests should ideally be capable of
measuring quality parameters from emergence to
sperm transfer, and even subsequent effects on the
behaviour of females flies.
Mating compatibility is defined as the successful
interaction of the sterile male and wild female fly,
from behaviours that bring them together in a
mating arena to effective sperm transfer. In SIT
programmes for pest tephritids, mating
compatibility is an especially critical issue because
of two characteristics of their "lek" mating
systems. First, the behaviour required of the male
in these mating systems is unusually complex;
second, females actively choose a mate from a
number of suitors. The following discussion of
mating behaviour is specific to C. capitata but
relates, in principle, to other tephritids.
To convince a wild female to mate, a sterile male
must initially locate a microhabitat suitable for a
mating arena and then begin "calling" (releasing
sex attractant pheromone). The microhabitat is
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typically on the underside of a well lit leaf, and
locating it probably involves responses to light and
other physical stimuli. The multi-component
pheromone presumably plays a role in courtship
(see below) as well as in luring unmated females.
Males also are attracted by the pheromone and,
from the sum of physical and chemical factors,
usually call in small aggregations that Prokopy &
Hendrichs (1979) referred to as leks. Since then,
most fruit fly workers have applied the term lek to
the mating system of C. capitata and other tropical
Tephritidae, although acceptance of this usage is
not universal (Saul & McCombs 1995).
When a female approaches a male, he begins his
courtship ritual of head-rocking and pulsed wingfanning.
Communication to the female may
involve chemical (pheromonal), visual, acoustic,
and tactile cues. Qualitatively, the ritual is very
stereotyped (the same subset of behaviours almost
always occurs), but quantitatively, there is plenty of
variation to allow for distinct differences among
males, both within and between populations. If
females show interest in the male during the
courtship or simply remain in the vicinity long
enough, the male will usually attempt to mount
her. Even if the male mounts the female, she still
may choose to shake him off (and does so about
half the time) rather than mate. A females
typically solicits courtships from a number of
males before allowing a male to mate with her.
Laboratory colonisation and mass rearing can and
do effect phenotypic changes in the behaviour of
mass-reared males. Some of these changes have
genetic bases; i.e., result from inadvertent selection
or genetic drift in the rearing colony. The changes
potentially influence such factors as mating age,
courtship behaviour, quality or quantity of
pheromone produced, and diel periodicity. If wild
females fail to come in contact with, or reject,
sterile males because of these changes, the
competitiveness of the sterile flies can be
drastically reduced, as shown for a laboratory
colony of more than 40 years (Mclnnis et al. 1996).
Changes from the earlier manuals
Previous manuals (Orozco et. al. 1983, Brazzel et
al., 1986) were intended to provide standardised
procedures for routine (daily, weekly) checks of the
product of the rearing process. The tests that they
outlined were, accordingly, designed to assess
emergence, flight ability, mating propensity and
indices of the basic viability of the mass-reared
flies. In particular, tests outlined by Brazzel et al.
(1986) were not intended to address mating
competitiveness and compatibility or post-mating
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factors, although the authors noted the need to run
regular tests in those areas.

corroborated at emergence facilities utilising the
same methodology.

In the years that followed, results of the tests
outlined by Brazzel et al. (1986) apparently became
equated with overall fly quality and
competitiveness, at least for Mediterranean fruit fly
SIT programmes in the United States. Recent
research (e.g. Hibino & Iwahashi 1991, Mclnnis et
al. 1996) suggests that lapses in mating
compatibility are a likely cause of poor
performance by sterile males in the field and, when
severe, can result in the failure of SIT programs.

The most important part of the QC programme is
to assure that the mass reared sterile males interact
successfully with the wild females of the target
population. To assure that the sterile males are
competitive and compatible with the wild females,
field evaluations must be conducted routinely.
These tests should include wild flies collected from
the area where releases are to occur or conducted
in the location which is a likely source of
introductions. Because this activity is critical to
programme success, sufficient funding and other
resources must be allotted for this purpose. The
full-time staff dedicated to conducting field
evaluations should include personnel trained in
behavioural and ecological aspects of fruit fly
biology. The Programme Manager (end user)
should be responsible for ensuring that these tests
are conducted, that reports are submitted to all
concerned parties, and appropriate actions are
taken.

The major impetus for revision of this manual is to
include required tests of mating competitiveness
and compatibility so that tests of these crucial
behavioural components are not neglected. In
addition, tests have been added to provide better
information on survival and dispersal of sterile
flies in the field.
Existing laboratory tests have, in some cases, been
modified to improve standardisation. For one test
(mating propensity), the participants in the
Consultant's Meeting felt that the results were
overvalued and frequently misinterpreted. That
test has been revised, renamed (laboratory mating
test), and changed from its "required" status in
earlier manuals to an ancillary test. In addition to
modifications of tests, specifications and methods
have been expanded to include genetic sexing
strains of C. capitata and additional species,
including Anastrepha and Bactrocera.
Management of product quality control
Conflicts may arise in the production facility with
the need to mass rear predetermined quantities of
high quality flies. Examples include: (1) attempts
to increase production levels may result in
reducing the size and quality of the sterile flies; (2)
production managers may not find it advantageous
to report or admit to lapses in the quality, and (3)
production managers might be hesitant to replace
an older strain with a newer strain that is initially
more difficult to rear but more competitive in the
field. Because of these conflicts, it is strongly
recommended that product QC for SIT
programmes be conducted by a unit that is not
directly responsible for the production of the sterile
flies. The product QC unit should not report to the
Rearing Manager but to the Programme Manager.
However, the product QC unit must work closely
with rearing personnel and provide continuous
feedback necessary to maintain an effective rearing
process. Post-irradiation QC evaluations that are
conducted at the production facility should be
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Future Plans to Update this Manual
As recommended by the consultants, updates to
this manual are anticipated as improvements are
made. In this regard, a follow-up meeting was held
in Penang, Malaysia during May 1998, to draft a
proposal for a Co-ordinated Research Project to be
sponsored by the Joint FAO/IAEA Division of
Nuclear Techniques in Food and Agriculture
beginning in 1999 and continuing through 2003.
The specific research objectives will be to
standardise and improve quality control (QC) tests,
data management and information exchange on a
global level.
This manual and future revisions will become
available through the Joint FAO/IAEA Division
Home Page on the Internet at the following URL:
http://www.iaea.org/programmes/nafa
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2.

Data Analysis, Presentation, and Communication

Establishing specifications for the quality of insects
to be received by a project conducting a sterile
insect release campaign is only the first step.
Specifications have little value if the user cannot
expect that they will be routinely met. That
expectation requires an adequate quality control
programme at the production facility; a second
requirement is analysis, verification, and
communication between producer and user.
Simple, routine procedures are available for
collecting and preparing data on product quality
that allow producer and user to evaluate the
continuing processes of production and to predict
trends leading to reduced quality. Production
facilities should:
Prepare a capability analysis of each of the
variables identified in the list of required
routine quality tests.
A sample of =50
measurements of each parameter will be
accumulated during a period when the rearing
process is thought to be "under control" (i.e., when
fly quality, is, subjectively "good"). Mean values
or overall proportions from each of those 50 tests
are then used to compute a measure of central
tendency (for example, overall mean) and control
limits. Typical lower control limits might include
a "warning limit" (set at a level where, with
normal variation, measurements would be expected
to exceed the warning limit 97.5% of the time) and
an "action limit" (99.5% level). For continuous
variables (e.g., pupal weight), the "warning" and
"action" limits would, for example, be 2 and 3
standard deviations below the mean. For data in
which each individual falls into one of two
categories (for example, emerged or unemerged,
male or female), statistical procedures based on the
binomial distribution (for example, P-charts) may
be more appropriate.
Routinely (e.g., weekly) produce graphs that
track the values of each QC parameter over
time. Graphs should also show lower control
limits and perhaps the minimum levels specified in
the Appendices.
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Provide copies of the charts to users and rearing
personnel. Values below the action limit, or
consecutive values below the warning limit, would
indicate a problem with the production process that
requires the attention of rearing personnel.
Extended periods when measurements consistently
fall below the central value also indicate potential
problems. Charts are provided to the user to
enhance communication regarding variations and
trends in fly quality. Analysis and charting of each
measured parameter at the receiving station will be
similarly conducted to allow comparison.
With advances in microcomputer technology,
entry, storage, manipulation, and graphing of QC
data can be easily automated. Data can be stored
conveniently in electronic databases (use secure
back-up systems), and database or spreadsheet
forms can be designed that mimic the QC Forms
such as those presented in this manual. Statistics
such as flight ability, percent emergence, and
mating propensity can be computed automatically,
reducing the chance of human error. Data can be
exported to spreadsheets or other applications for
routine analysis or production of graphs. A
number of statistical software packages are
available that include specific routines for
computing control limits and producing quality
control graphs such as Shewhart P- and A'-charts
(e.g., SPSS 1996).
Control limits are effective for identifying
deviations from normal levels in production
processes because they are based on statistical
evaluations of production data from a given
facility, process, and strain of fly. They are
separate from and not to be confused with the
specifications shown in the Appendices, which are
based on research results, programme experience,
historical expectations, and other information
relevant to determining the minimum level of
quality needed for a fly to be effective in a sterile
insect release program.
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Required Routine
Quality Control
Tests

\r
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Weighing Pupae
Equipment
• balance or scale with accuracy of ±1 mg or
better.
• soft forceps for handling pupae and removing
trash from samples.
• (optional) board with ridges or grooves or other
device for simplifying the process of counting
pupae.
• (optional) manual counter.
Procedure
Mean pupal weight is determined by taking
samples 2 day before emergence (i.e. on the day
when pupae are typically irradiated and shipped)
and weighing several lots of 100 pupae. As an
alternative, volumetric samples (e.g., 2 ml for C.
capitata) of pupae can be weighed and then
counted. Age at sampling is critical, because
pupae lose water (and, thus, weight) as they age.
Before weighing, remove all visible trash (e.g.,
vermiculite, sawdust) from the sample along with
any pupae that have trash adhered to their puparia.
The number of lots that need to be weighed will
depend on the desired level of precision in the
measurement and the amount of lot-to-lot variation
in weight. Standard errors for estimates of mean
weight of individual pupae should be =0.05 mg
(95% C.I. of =0.1 mg) to ensure accurate estimates
of numbers of flies released. Lot-to-lot variation
will depend on the larval harvest method, the
consistency of the rearing operation, and the
method of sampling pupae for this test. See III.F.
for guidelines on sampling pupae.
Afofe: care must be taken in counting the pupae
(suggestion: count each lot twice and make sure
the counts agree); a miscount of ± 1 pupa will
produce an error of almost ± 0.1 mg in mean pupal
weight for that lot. Use of electronic counters is
not recommended for determination of mean pupal
weight.

Figure 1. A typical top loading electronic
balance used to weigh pupae

Table 1.
Specifications for mean pupal weight of various
tephritid flies produced for Sterile Insect
Release Programs.

Species

Pupal weight (rug)

minimum

acceptable

mean
Ceratitis capitata *
Bisexual release
Genetic sexing:
-tsl
-pupal color
Anastrepha ludens
Anastrepha obliqua
Anastrepha suspensa
Bactrocera philippinesis
Bactrocera cucurbitae
Bactrocera dorsalis
Bactrocera tryoni

7.5

8.0

6.7
6.7

7.2
7.2

16.5
14.0
10.0
13.5

19.0
15.0
14.0

13.0
n/a
8.5

14.0
13.5
n/a
10.0

" Values for genetic sexing strains are lower because of the
preponderance of males,
n/a Data not available
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Sorting Pupae by Diameter
Equipment
•

•

pupal sizing and separating machine. These
consist of two diverging stainless steel cylinders
that rotate in opposite directions such that the
top of each cylinder moves away from the other
cylinder (Fig. 2). The cylinders are on an
incline and are aligned so that there is an
increasing gap between them through which
the pupae will eventually fall as they move
down that incline. The cylinders can be
adjusted to regulate the rate at which the gap
increases so that it is possible to collect the
pupae into as many as 11 different size groups
with #1 being the smallest and #11 the largest.
A vibrating singulator may be used to deliver
pupae individually to the gap at the top end of
the cylinders.

Figure 2. Pupal diameter classing machine

(optional) optical seed counter. A optical
counter (Fig. 3) may be used for counting pupae
in this test, but it must be carefully calibrated to
ensure accuracy.

Procedure.
A sample of 500-1000 pupae is selected
volumetrically from the lot to be measured and put
through the sizing machine. The singulator should
be adjusted (or, if a singulator is not used, care
must be taken) so that pupae fall onto the cylinders
individually and do not "bunch up" while going
down the incline. As the pupae that have been
collected in each group are counted, they should be
examined and any that are stuck together or have
debris attached to them should be discarded. The
numbers of pupae in each group are then recorded,
and the percentage of pupae in each size range is
computed. Collect sample on pupae 2 days before
adult emergence.

Figure 3. Automated pupal counter, used to
count pupae in samples

Brazzel et al. (1986) suggested that, for C.
capitata, the gap between the cylinders should be
1.4 mm (0.055") at the top and 1.9 mm (0.075") at
the bottom. In practice, these widths may not be
appropriate for some facilities. For A. suspensa, a
gap width of 1.76 to 2.48 mm has proven effective
(T. Holler, B. Talton & R.E. Bums, unpublished
report. USDA-APHIS-PPQ-CFFS and FDACSDPI. Gainesville. FL). The gap should be
calibrated with automotive feeler gauges or using
drill bits of the desired diameter before each use.
Cleanliness of the cylinders is also critical.
Contents of trough a (Fig. 1) will include debris
but few, if any, pupae and can be discarded.
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3.2.

Percent Emergence and
Flight Ability

Objective
Obtain accurate estimates of the percentage of
pupae that will produce (1) adult flies, and (2)
adult flies that have a basic capability to fly.
Discussion
Various types of containers and techniques have
been used in the past for emergence and flight
tests. Most of these techniques included tapping
the side of the cup or tube to induce reluctant fliers
to leave. This procedure is difficult to standardise
- how long and hard to tap - so a system was
developed whereby the flies must leave entirely on
their own.
This test should be conducted
immediately before (Pre IR) and after irradiation
(Post IR) at the rearing facility, and again after
shipment for programmes with remote emergence
and release facilities.
Equipment
•

Plexiglas tubes - a length of 8.9-cm O.D.
Plexiglas pipe (10 cm high for both the
Mediterranean fruit fly and Anastrepha spp.;
Fig. 2). The tube should be black or painted
black on the outside so that light will enter at
the top only. Plexiglas has been chosen over
cardboard or glass because it is unbreakable
and can be washed and reused indefinitely.
Care must be used when cleaning the interior of
the tubes. Avoid using an abrasive cleaning
material.

• Petri dish lids - dish lids, 100 x 15 mm, should
be painted black or the bottom surface overlaid
with black paper.
•

Strip of black porous paper (construction or
blotter paper is often used), 1 cm wide, and
formed into a ring 6 cm in diameter.

•

Miscellaneous equipment: Unscented talcum
powder, hand counter, forceps, and microspoon
spatula.

•

Room or chamber
environment.

•

Method for fly removal and containment - flies
that emerge must be removed from the vicinity
of the tubes to minimise fly-back (or fall-back)
into the tubes. Different facilities have solved
this problem in a variety of ways.
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with

a

controlled

B
Figure 4. Flight ability tube. A. Plexiglas
tubing, outside diameter 8.9 cm with 3-mm thick
walls; painted black or opaque black Plexiglas ;
B. 9 cm petri dish ( the dish bottom should
painted black or covered with black paper); C. A
paper strip,1 cm wide, and formed into a ring 6
cm in diameter and centred within the petri dish
(it is recommended that a black porous paper,
e.g., construction or blotter paper, be used).

Examples include (1) tubes are placed in a
ventilated Plexiglas arena (such as the 30 x 40 x 30
cm ventilated cage used for the laboratory mating
test; see Appendix E.I.) and all adult flies are
aspirated from the cage once or twice daily; (2)
flies are allowed to emerge freely into a small room
or walk-in screen cage (indoors), and sticky traps
or black-light electrocution traps are used to
remove live flies. These or other methods will be
suitable, so long as the test conditions (below) can
be met and fly-back of weakened flies into flight
ability tubes has been demonstrated to be minimal.
"Dummy" flight tubes (without pupae, but
otherwise similar to tubes used in testing) can be
used periodically to estimate the incidence of flyback. Avoid the use of food and/or water to keep
flies alive or aid in their removal.
The
Consultant's Group generally felt that food or
water could lure some flies that would have
otherwise remained in the tubes. .
Test Conditions
• temperature
• humidity:
• light intensity:
• photoperiod

25 ± 1°C
65 ± 15% RH
1500 lux (top of tubes)
14:10 hours light:dark

Procedure
Two days before emergence, 100 pupae are placed
within the ring of paper, which is centred in the
bottom of the petri dish. Before each use, the
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inside of the tube should be lightly coated with
unscented talcum powder to prevent the flies from
walking out. Tubes should be tapped on a firm
surface to remove excess talc, and the talc should
be wiped off of the bottom 1 cm (Ceratitis) or 3 cm
(Anastrepha) of the inside of the tube to provide
resting places for newly emerged flies. The
Plexiglas tube with talc is placed within the
darkened petri dish. Five replicates (five tubes
with 100 pupae each) are set up for each lot to be
tested.

this is normally the day the respective lot of flies
are released), and the data are entered on Form
Q.C.I or a similar form.
Interpretation
The two most important statistics are percent
emergence and percent fliers.
Additional
information (partially emerged flies, deformed
flies, percent fliers corrected for emergence) may
be useful to the rearing staff. A high degree of
variability or consistent downward trend can
indicate an emerging problem that may require
corrective action in rearing or handling methods or
materials

After all files that emerged have escaped from the
tubes or died, the contents of the tubes (flies and
unemerged pupae) are counted (at the release site,

Table 2. Speciflcations for percentages of pupae producing adult flies (emergence) and flies capable of
basic flight (flight ability) for various tephritid flies produced for Sterile Insect Release Programs.

Species/strain
Ceratitis capitataa
Bisexual release
Genetic sexing tsl)
Genetic sexing (pupal
Anastrepha ludens b
Anastrepha obliqua
Anastrepha suspensa
Bactrocera cucurbitae
Bactrocera dorsalisb
Bactrocera philippinesisb
Bactrocera tryomb
Ceratitis capitataa
Bisexual release
Genetic sexing tsl)
Genetic sexing (pupal
Anastrepha ludens b
Anastrepha obliqua
Anastrepha suspensa
b
Bactrocera cucurbitae
Bactrocera dorsalisb
b
Bactrocera philippinesis
b
Bactrocera tryoni

MINIMUM% OF PUPAE
ACCEPTABLHVIEAN
Pre-IR
Post-IR Post-ship. Pre-IR
Post-IR Post-ship.
Emergence
85
65
60
85

80
60
55
80

75
60
50
75

93
75
65
93

90
70
60
90

88
65
55
88

85
90

80
80

75
70

93
92

90
90

88
85

75
58
48
80

70
53
43
75

65
50
40
65

85
65
55
85

82
60
50
80

78
55
45
75

75

70

65

85

80

75

Flyers

Values for currently used genetic sexing strains, and especially pupal color strains, are lower due to
the presence of Adjacent-1 males,
b No data available at present. Readers are encouraged to submit data for inclusion in future revisions.
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3.3.

Test for Longevity under
Stress

Objective
This test is a relative measure of the nutrient
reserves available to the adult fly at the time of
emergence.
Discussion
The longevity of adults under stress, without water
and food, provides a measure of fly quality. Tests
should be done weekly. Tests are required to be
run on unirradiated insects at the rearing facility;
for comparative purposes, tests also may be run
following (1) irradiation and (2) shipment to the
release facility.
Equipment
•

Large Petri dish (150 ml diameter) with an
opening of approximately 15 mm in the centre
of the lid, fitted with a stopper.

•

Environmentally controlled space, no light.

Procedure
A sample of several thousand pupae (Fig 5.) is
placed in a cage without food or water. Within 2
hours of emergence, 50 males and 50 females (or
100 flies from a production lot, if a genetic sexing
strain is used) are placed within a Petri dish
without food or water is provided (five
replications). The dishes are held at 25 ± 1 ° C and
60-70% RH within a dark space until the end of
the test (duration of the test varies with species,
e.g., 48 hours for C. capitata; see Table 3)1. After
a pre-set time, dead flies are separated by inverting
the petri dish, removing the stopper, and shaking
out the dead flies (use care not to allow live flies to
escape). Make counts of both dead and live flies,
separately by gender. Results are expressed in
percent mortality.
Interpretation
The results of the stress test are a relative measure
of the stored nutrients (food reserves) and water
found in the lab reared adult flies.
This
measurement is an indicator of the overall
elements associated with the larval rearing process,
1
This was changed from the original procedure of counting
mortality every 8 h; counts on an 8-h schedule were impractical for
some facilities, which dropped the "stress" test all together.
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Figure 5. Flies emerging for test of longevity under
the stress of no food or water using a standard
Plexiglas mating cage (the 'Lama Cage': A box of

0.3 cm Plexiglas (use methylene chloride to join
edges of Plexiglas sheets), 30 x40 x 30 cm (wxd
x h). An access hole may be covered with fine
nylon mesh, surgical stocking or plate cover.
Ventilation is provided by a hole covered with 16
mesh screen).
nutritional content of diet, density of larvae per
diet tray, environmental controls, and other factors
that may affect the insect's ability to store fat
reserves through the larval and pupal stage and
thus sustain the longevity of the adult fly. Values
lower than the standards listed in Table 3 may
indicate problems within this process.
Table 3. Specifications for survival during the
Stress test for various tephritid flies produced
for sterile release programs.

Species/strain

Ceratitis capitata
Bisexual release
Genetic sexing (tsl)
Genetic sexing (pupal color)
Anastrepha ludens
Anastrepha obliquab
Anastrepha suspensa
Bactwcera cucurbitae b
Bactrocera dorsalisb
Bactrocera philippinesis b
Bactrocera tryonib

Test Minimum
Interval
%
Survival
(h)

48
48
48
72

50
50
40 a
n/a

48

n/a

a
Values for pupal color strains will tend to be lower due to the
presence of relatively large numbers of Adjacent-1 males in the
samples.
b

No data available at present. Readers are encouraged lo
submit data for inclusion in future revisions.
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3.4.

Sex Ratio and Timing of
Emergence

Objective
To determine the ratio of males:females within a
batch of mass-reared flies. Timing of emergence is
used to measure the uniformity of age within a
batch of pupae.
Discussion
Significant deviation from a colony's "normal" sex
ratio may give an early indication of rearing
problems. These problems could be genetic in
nature or stem from procedural effects.
Monitoring sex ratios becomes especially critical
when dealing with genetic sexing strains, because
sex ratios change with genetic recombination.
Uniformity of physiological age at irradiation is a
critical determinant of the extent to which
sterilisation procedures affect the quality of flies.
The desired age at the time of irradiation is
typically 24-48 hours prior to adult emergence.
Irradiating pupae too young lowers the insects'
overall vitality, whereas irradiation too close to
emergence may result in incomplete sterility. The
test should normally be run weekly, but may be run
more often if necessary for diagnostic purposes.

Figure 6. Sex Ratio Test

checks are an option and will provide a more
precise estimate of the timing of emergence). The
time of the checks should be consistent from day to
day at a given facility. At each check, the numbers
of emerged males and females are counted. Once
it has been determined that no further emergence
will occur, the test is terminated. Results of the
sex ratio are expressed as percent males;
Results of the timing of emergence are charted
separately by sex as the number of emerged flies
over time (normally over a 72-h period).

Equipment and supplies

Interpretation

•

Percentage of males in production lots should
generally be within the range of 45-55% for
bisexual strains. Production lots of genetic sexing
strains should be over 98% (tst) and 90% (pupal
colour, one pass through sorter) males. Sex ratios
that deviate beyond the established standards may
indicate genetic or processing problems, and as
such, should initiate a review of each of these
components in the mass production process. Some
production processes may tend to skew sex ratios,
and this needs to be taken into consideration.

Screened emergence grid with 100 individual
cubicles (see Procedure).
• Manual counter
Procedure
Emergence grids with 100 individual cells are
constructed from the open plastic grids that are
used under fluorescent lights in some suspended
ceiling applications. The grids are 1 cm thick and
the cells, open top and bottom, are square (1.5 by
1.5 cm). Grids are cut into sections that are 10
cells by 10 cells (15 x 15 cm), and screening is
glued to one side. For testing, an individual pupa
is placed into each cell. A sheet of Plexiglas is
then used to cover the open side of the grid and is
held in place with a large rubber band. Grids
should then be held under conditions comparable
to those used for emergence of adults for
programme purposes. For rearing facilities, this
test is initiated at the time of irradiation; for
emergence and release facilities, the test is started
when hypoxia is broken. Grids are examined twice
daily at approximately 8-h increments, preferably
in the early morning and afternoon (more frequent
10 May 1999

Emergence should occur between 24 and 72 hours
of irradiation or the break of hypoxia, with a sharp
peak of emergence near 48 h. Any significant
deviation from this interval indicates that the
timing of irradiation was not optimal. The
presence of more than one distinct peak of
emergence when charted indicates the batch of
pupae
lacks
uniformity
in
age.
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3.5.

Guidelines on Sampling
Insects for Routine QC
tests

Objective
To obtain a sample of pupae for product QC testing
that is unbiased and accurately reflects the quality
of the insects that will be used for release in SIT
programs.
Discussion
The quality of insects produced by a facility will
vary somewhat from batch to batch due to variation
in such factors as nutritional or physical
characteristics of the diet, microbial load,
technique of different personnel, and the physical
rearing environment. When more than one batch
or group of insects are used to make up a shipment,
taking QC samples from within a single group can
lead to inaccurate and biased estimates of insect
quality. This problem becomes especially critical
for facilities in which larvae are allowed to
emigrate from the diet at maturity rather than
being "forced" from the diet after a set period.
Groups of insects that completed larval
development more rapidly will tend to be larger
and of higher quality than those that developed
more slowly. Even within individual groups of
mass-reared tephritids, quality can vary within and
among trays or other rearing units. Such known
sources of variation in insect quality need to be
accounted for when sampling insects for QC
testing so that: (1) the data obtained in QC tests are
an accurate reflection of the overall quality and
size of flies delivered to the field, and (2) means
can be estimated with a reasonable degree of
precision.
Strategy
There are several possible strategies to ensure that
samples will provide accurate estimates of overall
quality and weight of insects shipped to SIT
projects. Assume, for the sake of example, that
sampling procedures are being designed for a
facility in which larvae are allowed to emigrate
from the diet under their own power over a period
of 4 days. Each shipment of irradiated pupae,
then, would consist of pupae that were placed on
diet as eggs on 4 different days. If sampling for

Figure 7. Sampling for genetic sexing strains

product and process QC are to be combined2, a
stratified sampling scheme should be used, where a
set number of samples are taken systematically at
random from each production batch and processed
individually (see Chapter 2 of Southwood [1978]
regarding the statistical basis for random
sampling). This works, but makes computation of
overall shipment means, as well as the precision of
those means, somewhat more complicated (and
likely makes processing more samples necessary)
than with schemes designed strictly for product
QC.
Samples for product QC are best taken on the basis
of production units (e.g., every n pupal trays, or
every n racks of pupal trays) and without regard to
production batches. These samples could then be
processed individually, but variation among
production batches would create a lot of sample-tosample variability. Because of that, a large number
of samples would have to be processed to achieve
the desired level of precision in estimates of means.
To reduce sample-to-sample variability, and,
consequently, the number of required samples, use
pooled samples. There are at least two ways to do
this:
• A mechanical device that, during packaging,
continuously samples all material is the
simplest, and probably least biased, method of
taking a pooled QC sample from a group of
insects destined for shipment.
As an example, personnel at the Caribbean fruit
fly facility in Gainesville (FDACS-DPI) cut a
small hole within the mouth of the funnel used
2 This is not recommended as it leads to compromise and, in the
end, probably does not save any time or effort. In addition,
process QC is the responsibility of production personnel, while
product QC should be conducted by an autonomous group.
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3.
3.1.

Required Routine Quality Control Tests

Pupal Size Test

Objective
Accurate estimation of mean size of a group of
pupae by measuring weight or diameters of a
sample.
Discussion
Pupal size is a valuable indicator of overall
viability of pupae and will correlate with size of the
resulting adult flies. Several researchers have
produced evidence that larger male tephritids will,
in general, be stronger fliers, live longer, have
higher mating propensity, and produce longer
refractory periods in female flies than smaller
males (Burk & Webb 1983, Churchill-Standland et
al. 1986, Krainacker et al. 1989, Bloem et al. 1993,
Orozco & Lopez 1993, Blay & Yuval 1996). To a
degree, measured values of mean pupal size will
vary depending upon the strain and rearing system,
so using size to compare overall quality of pupae
from different facilities must be done with caution.
This evaluation should be conducted at the rearing
facility.

Effects of washing on size measurements have not
been evaluated adequately, and the consensus was
that, to ensure standardisation, pupae should not be
washed before measuring size for product quality
control purposes.
Interpretation.
Downward trends in mean size of pupae produced
by a facility can result from poor nutrition,
overcrowding in the larval stage, high
temperatures in the larval diet , or other factors
that could reduce the viability of the released
insects.
Small pupal size will likely be
accompanied by poor performance on other quality
indices and in the field. Small size can usually be
adjusted by reducing the seeding rate.

Historically, two methods have been used to
measure pupal size: pupal weight and pupal
diameter. Brazzel et al. (1986) stated that the
latter was preferable (required) for two reasons.
First, unequal rates of water loss at different
facilities (due, e.g., to differences in humidity or
temperature) would lead to different relationships
between pupal weight and actual fly "size".
Second, sorting by diameter gives better
information on size distribution of pupae.
However, pupal diameter measurements and their
relation to fly size do not appear to be as consistent
as originally assumed.
For example, Danny Gates (USDA-APHIS,
unpublished data) recently demonstrated that pupal
diameter of mass-reared medflies, like pupal
weight, decreases somewhat with the age of the
pupae. In addition, diameter will be more variable
in facilities that use "naked" pupation systems than
in facilities where larvae are allowed to pupate in a
medium such as vermiculite or sawdust. The use
of weight versus diameter will be largely up to the
agreement between the producer and the user of
the sterile insects. Thus, rearing facilities should
maintain the capability to measure pupae by both
methods. Indeed, use of both methods would be
valuable for process quality control.
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to package pupae for irradiation and eventual
shipment. A tube was inserted through the hole
and fixed into place; as pupae are poured into
the funnel, a small proportion fall through a
hole in the top of the tube and are shunted into
a collection container.
•

Another method is to take one or two small
scoops from each rack of trays that are used to
hold pupae (if taking >1 scoop per rack, take
scoops from different trays). The pupae that
were scooped from all the different racks are all
mixed together to form a single pooled sample.
If five samples are required, five scoops from a
single rack (but from different trays) could be
placed individually into each of 5 containers.
The same would be done at the next rack, etc.
Note: this procedure would be preferable to
making one large pooled sample and dividing it
into 5 parts. If these pooled samples need to be
broken down into sub-samples for individual
tests (e.g., one group for flight ability, another
for the stress test, etc.), a seed riffler can be
used to do this in an unbiased manner.

Southwood (1978; Chapter 2) discusses methods
for estimating the precision of a mean and gives
formulae for predicting the number of samples
needed to achieve a desired level of precision. As
an example, assume 20 samples of 100 pupae each
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are weighed (see III.A.2) to give 20 estimates of
mean pupal weight for a day's shipment. The mean
and standard deviation of those 20 samples is then
computed. These statistics are then used in the
following formula to estimate %, the number of
samples necessary to achieve a predetermined level
of precision E, where E is the standard error
expressed as a decimal proportion of the mean:

To be 95% confident that the estimate of mean
pupal weight is accurate to within ±0.1 mg, the
standard error would have to be =0.1/2, or 0.05
mg. If the mean and standard deviation of the 20
estimates were, say, 8 + 0.15 mg, E would equal
0.05/8, or =0.006, and the number of samples
required would then be estimated
at
(0.15/(0.006*8))2 = 9.77.
If this procedure was repeated several times on
different days with similar results, a protocol for
sampling pupae for determining pupal weight
could be set at weighing 10 samples of 100 pupae
each. The above formula for /?£ will suffice if
random or pooled samples (as described above) are
taken; if stratified sampling schemes are used,
more complex formulae are required for estimating
the required sample size (see Southwood 1978).
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4.
4.1.

Required Periodic Testing

Mating Compatibility Test

Objective
Determine the ability of sterile male flies to mate
with wild females under semi-controlled field
conditions. Additional procedures may be included
to assess the following: (1) incidence and timing of
"calling" (release of pheromone) by sterile and
wild males, (2) duration of mating, (3) periodicity
of mating, (4) incidence of remating, and (5)
overall competitiveness of flies based on resulting
hatch of eggs known as the Fried test (Fried 1971).
Discussion
Mating compatibility is the degree to which two
sympatric groups of animals tend to mate randomly
without regard to their group of origin rather than
mating selectively with members of their own
group.
For tephritid SIT programs, mating
compatibility refers primarily to how readily wild
females accept sterile males (as opposed to wild
males) as mates. Effects of a laboratory rearing
system can bring about changes in a rearing colony
that can reduce the acceptability of laboratory- or
factory-reared males to wild females. At present,
such changes in mating compatibility can be
assessed effectively only by observing the degree to
which flies from two strains (i.e., sterile and wild)
interbreed when mixed together. These tests are
best run under conditions that are as natural as
possible.
Other versions of field-cage mating compatibility
tests are possible (e.g., see IV.A.6). We have
chosen the basic design specified here because (1)
it is simpler and more objective than some other
designs, (2) sufficient data for evaluation can be
gathered with a reasonable level of effort, and (3)
data from these tests can be used to generate
simple, reproducible, meaningful indices of mating
compatibility and overall mating performance that
can be used for tracking the performance of sterile
flies and making comparisons between strains and
other rearing and handling treatments.
Sources and Handling of Flies
a) sterile flies: Place several thousand irradiated,
dyed (2 to 2.5 g Day-Glo powder per litre)
pupae in a cup in a screen or Plexiglas cage and
separate the sexes within a few hours of adult
emergence. Then, hold the flies according to
the day of emergence in laboratory cages
(screen or Plexiglas) containing either a sugar
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gel (15% sucrose in 0.8% agar) or water and a
protein:sucrose (1:3 or 1:4) diet until sexually
mature. Preferably, the sexes should be
segregated into two separate rooms. Age of
sexual maturity will vary with species and
strain. Cages may be held indoors at =25° with
a =14:10 L:D cycle, although best results may
be obtained by holding flies outdoors in a
shaded, protected location (e.g., an insectary) in
the vicinity where tests will be run.
b) wild flies: wild flies for mating compatibility
tests are collected from the field as larvae in
fruit. Sex flies within 24 hours of adult
emergence and hold males and females in
separate cages until sexually mature. Again,
male flies should be held in a room separate
from the females.
c) holding fruit, typically, favoured fruit are
collected directly from the host plant and
returned to the laboratory. They are then
placed on wide mesh trays or racks over a
pupation substrate such as lightly moistened
sand or vermiculite. Fruit-holding methods
vary widely with the fly species, fruit, and local
conditions.
On Greek islands where it seldom rains and
parasitoid populations are essentially zero, open
boxes full of sour oranges can be held outdoors,
simply sifting a small quantity of sand over the
fruit. In contrast, peaches in Hawaii must be
protected
from
rain,
parasitoids,
and
Drosophila (yet ventilated), and placed on
highly absorbent material on a rack above the
pupation medium. In any case, the medium is
gently sifted every few days to remove any
pupae.
Use of smaller fruits that tend to dry rapidly
(e.g., coffee cherries) should be handled to
avoid premature emigration of larvae and
unnaturally small wild adults. When use of
such fruits cannot be avoided, they should be
maintained at high humidity (e.g., in sealed
containers; moistened paper towels may be
placed on the racks if space is left around the
edges for larvae to fall through the mesh).
d) maintaining wild adult flies: wild adults tend
to be more difficult to maintain than are their
lab-adapted cousins. In many cases, they're
sensitive to density. In Hawaii, for example,
best results with wild C. capitata are obtained
at densities of no more than 4000 flies/m3,
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whereas lab-adapted C. capitata show no ill
effects from holding densities of up to 25 times
greater if they are provided with sufficient
surface area.
Cages of wild flies should be held under
environmental conditions similar to those used
for sterile flies. Moderate temperatures and
humidity, clean water (cotton wick; daily light
misting of cages may also help), and varied
diets with high carbohydrate to protein ratios
all seem to promote survival.
Age of sexual maturity will vary with species
and geographic strain; preliminary tests may be
required to determine the appropriate age for
mating compatibility tests. Flies should, of
course, be sexually mature, but flies that are
presumably well past their "normal" age of
mating in the field should not be used because
unmated wild females, as they age, may become
more and more willing to accept less-thanoptimal males as mates.
It is important to select active flying males of
both sterile and wild flies for testing purposes.
Equipment
•

outdoor field cage, =2.3 m tall by =3 m in
diameter, set up over a plant that fills a large
portion of the volume of the cage. Calkins &
Webb (1983) described a standard cage to be
used for behavioural studies on fruit flies. The
plant should be a local host plant of the fly
species to be tested, though any fruit should be
removed before the test. Ideally, the plant
should be rooted in the ground, but potted
plants may suffice if ground-rooted plants are
unavailable.

•

Care must be taken in setting up the cages. The
available foliage must provide an abundant
substrate for mating behaviour, but should be
pruned (if necessary) so that flies will be visible
to the observer. If adequate foliage and light
are available within the cages, little if any
mating activity will take place on the screen of
the cage. If more than a small proportion of
mating activity occurs on the screen, cage
conditions must be adjusted to correct this
situation.

•

plastic pill vials, scintillation vials, or similar
containers, preferably clear (80 per cage).

•

grease pencils and/or masking tape and pens
for marking vials
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•

small bottles of water-based paint; up to 4 light
colours (if flies are marked with paint). Avoid
using enamel paints that often contain mineral
spirits that may influence the survival or
behaviour of the insect.

•

agar egging balls or ripe host fruit for an
oviposition substrate (if Fried test is run); host
fruit must be free of tephritid eggs.

•

dissecting microscope (only if flies are not
marked with paint).

•

long-wave ultra-violet lamp (only if flies are
not marked with paint).

•

thin, soft camel hair brushes for marking flies
with paint.

Procedure
Before the test (at least the proceeding day), flies
are transferred to containers suitable for releasing
them into screen cages in groups of 25 or 50 flies
per container (flies are provided with food,
moisture, and ventilation in the containers).
For any tests in which flies are to be returned to the
cage or calling behaviour is to be observed, flies
much be marked by strain (wild or sterile) by
applying a small dot of paint on the dorsal surface
of the thorax. Immobilise flies by chilling them at
approximately 5° C or by placing them in a bag of
plastic window screening (18 mesh), placing the
bag on a table, and holding the mesh down gently
around each fly one at a time. Use a thin, soft
camel hair brush to apply a small drop of paint to
the fly. Alternatively, a toothpick or thin wire have
also been used successfully to apply the paint.
Brands and types of paints and marking techniques
should be evaluated ahead of time in flight ability,
laboratory mating, and survival tests to ensure that
the mark does not affect fly behaviour or survival.
Ideally, tests should be run "blind"; i.e.,
technicians running the test should not be told
which colour of marking corresponds to wild or
sterile.
On the day of the test, 50 wild males and 50 sterile
males are released into a screen cage and given a
period of time (e.g., 30 min) to disperse and
establish territories. Time of release should precede
the time of peak mating for that species. C.
capitata, for example, are typically released around
dawn. Flies that are dead, deformed, or apparently
incapable of flying from the release container
should be replaced so that the 50 "normal" flies per
strain per sex are maintained. Then, 50 wild
females and 50 sterile females are released.
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Notes on cage tests with genetic sexing strains
(GSS): Use 50 females from the rearing colony
stock (not thermally treated) for tests of mating
compatibility. Additional tests should be run to
evaluate overall mating competitiveness of GSS
males in the absence of GSS females. Data from
tests that include GSS females may be unreliable if
temperatures within the field cage are high (i.e.,
>27° C). In such cases, it may be acceptable to run
only the "males only" cages. If performance of
GSS males in "males only" cages is poor, the
primary cause will need to be identified in
compatibility tests before corrective actions can be
taken. An additional possibility is to use females
from a non-GS strain that is genetically similar to
the GSS.
Typically, this would require the
availability of a strain that was the primary source
of genes during the construction of the GSS.
Capture mating couples individually in the vials,
taking care to get only one pair (and only 2 flies)
per vial (look at the pair carefully; males
sometimes mount males and closely resemble a
mating couple). If you lose one fly of a pair,
release the other. If you have three, remove the
extra (usually male) fly. Do not put two pairs in
the same vial.
Write time when pairs were captured on vials; if
desired, other data such as an indication of position
on the tree (height, substrate, etc.). Continue the
test until the natural period of peak mating for that
species and locale is well over.
Record all
pertinent data, including time and type of male and
female for each vial, on the form entitled
MATING COMPATIBILITY ASSESSMENT as
shown in Appendix D of this manual.
If duration of mating is being recorded or the test is
being run for more than one day, care must be
taken to ensure that the vials are kept in the shade
and otherwise handled to minimise thermal or
other stresses to the flies. Additional information
that are recommended to be gathered with
modification of the test:
Optional Procedures for Cage Tests
a) duration of mating. Observe mating couples in
vials on a regular basis (every 5 min or less)
and note the time when uncoupling occurred.
If these data are to be taken, special care should
be taken when collecting mating pairs to ensure
that they are not disturbed to the point where
they uncouple prematurely. Similarly, vials
containing the couples should be oriented so
that they do not have to be handled in order to
observe the flies within them.
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b) male calling time. To determine the extent and
timing of the males' participation in pre-mating
behaviours, a census may be taken at regular
intervals (e.g., every 10-15 min or half hour).
During the census, the number, location, and
colour of mark are recorded for each male that
is "calling", or releasing pheromone within the
cage.
Also
see
PHEROMONE
COMPATIBILITY TEST in Appendix E.
Calling males are typically (but not always) on
the underside of leaves, and can be identified by
the presence of what appears to be a drop of
liquid on the tip of the abdomen (in reality, a
sac is extended from the anus). Calling males
may intermittently "fan" their wings while
standing in place; during fanning, anal sac is
partially retracted and held under the abdomen,
and thus is more difficult to observe. The
incidence of calling is a measure of mating
propensity and will typically be higher among
sterile males than among wild males. These
data can also be used to check diel periodicity
of sexual behaviour among sterile males.
c) incidence of remating. This requires continuation of the test through a second day. Here
again, care should be taken when collecting
mating pairs to ensure that they are not
disturbed to the point where they uncouple
prematurely. In addition, care must be taken to
ensure that the vials are kept in the shade and
otherwise handled to minimise thermal or other
stresses to the flies.
At the end of the first day's observations, flies
are remarked (use the mesh bag technique
above, releasing one pair at a time into the
bag). Marks should be colour-coded to denote
whether the male and female mated previously
with a wild or sterile fly. The flies are then
released back into the cage, and the
observations, as noted above, are continued for
a second day. Higher incidences of remating
among females that were mated to sterile vs.
wild males suggests that sterile males may not
be transmitting sufficient sperm or accessory
gland fluid to the females.
d) Mating competitiveness (Fried test). The
Fried test is an excellent indicator of overall
competitiveness of sterile flies in a field cage
context (Fried 1971). It's possible to run the
Fried test as an extension of the mating
compatibility test, but, logistically, it's probably
simpler to set it up separately. The Fried test is
covered in detail in Appendix E., Ancillary
Tests.
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Interpretation
I.

Overview. For meaningful data, the basic
(first-day) portions of the tests should be
replicated ca. 10 times. Mean percentage
of males and females mating from each
strain provides a useful indication of
mating propensity. With C. capitata,
mating propensity is considered adequate
when 50% of flies from all combinations
of strain and sex participate in mating. In
practice, flies from some wild strains
(especially the females) are reluctant to
mate in field cages. At any rate, data from
a cage should be discarded if <10% of
flies from any combination of strain and
sex participate in mating.
Mean number of matings in each of the
four possible categories (sterile males with
sterile females - SS; sterile males with
wild females - SW; wild males with wild
females - WW; and, wild males with sterile
females - WS) should be computed. If
individual groups of flies were allowed to
mate in a cage for more than one day, use
only data from the first day). Values of
SW that are low compared to other indices
suggest that wild females tend to reject the
courtship overtures of a high percentage of
sterile males. Low values of both SW and
WS suggest a general incompatibility
between the strains, perhaps arising from
such causes as a difference in the timing
of sexual activity between wild and sterile
flies.

II.

Indices of mating performance. Several
indices have been developed to quantify
the degree of interaction between wild and
sterile flies.
The indices should be
computed separately for each cage (based
on the first day's data, if individual tests
are extended longer than one day) and
then averaged.

A.

Relative Sterility Index (RSI):

The RSI is an overall index of mating
competitiveness of sterile male as
represented by the formula:

RSI =
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SW

sw+ww

It encompasses both mating compatibility
and mating propensity. Values of RSI can
vary from 0 to 1, where 0 indicates that all
of the wild females that mated in the cage
mated with wild males, 1 indicates that
they all mated with sterile males, and 0.5
indicates that half mated with sterile
males and half with wild males. If RSI =
S/(S+W), where Sand Ware the numbers
of sterile and wild males in the cage, then
sterile males are equally competitive with
wild males. For C. capitata, a mean RSI
of <0.20 in a cage with a 1:1 ratio of S: W
is a reason for concern about the
competitiveness of the sterile males.
B.

Relative Isolation Index (RII):

The RII is a measure of mating
compatibility between two strains.
SSxWW
~ SWx WS

Values of 1 indicates random mating
between strains which is desirable in
terms of SIT control; values greater than
one indicate positive assortative mating,
i.e., steriles tend to mate only with steriles
and vice versa). The RII has some
advantages over other indices of
compatibility. For example, it is more
sensitive to drops in a single type of
mating, with SW being the type of
greatest concern to programme managers.
In addition, the RII is not affected by the
overall level of participation of the
different types of flies, but only by whom
they chose to mate. Similarly, an RII of 1
indicates random mating regardless of the
S:W ratio being tested in the cage
(typically, it will be 1:1). If the
assumptions can be made that sterile
females accept wild and sterile males
equally and that wild and sterile males
will have equal mating propensity in the
open field, then the RII is equal to the
number of sterile males it takes to equal
the mating capability of one wild male in
the field; the reciprocal is then the effect
of mating compatibility on overall
competitiveness.
RII also has several disadvantages. First,
it is undefined if SW or WS is zero.
Second, when the number of matings in
any one category is small, adding or
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subtracting a single mating in that
category will cause a large change in the
value of the index. Third, it can be
difficult to normalise if the data are to be
analysed statistically.
Values of RII > 1 indicate that there is
some difference in mating behaviour (in a
broad sense) between wild and sterile flies,
and that one or both strains are tending to
mate assortatively (i.e., like with like).
Values of i?7Zthat trigger corrective action
will probably be found to vary from
species to species, and wild flies from
some areas seem to consistently produce
higher RIFs than flies from other areas
(using the same strains of sterile flies).
For C. capitata, RII has typically averaged
from 1.5 to 5. For mating of sterile flies
from the Hawaiian Hi-Lab strain with
SIT-"resistant" C. capitata on Kauai, RII
= 30 (Mclnnis et al. 1996). In general,
values of RII consistently >3 for C.
capitata suggest that rearing facilities
should start considering alternative strains
for production.
C.

Isolation Index (I)

The Isolation Index (I), also referred to
Stalker's Index (Stalker 1942), is similar
to the reciprocal of RII except that the
terms in the numerator and denominator
are added rather than multiplied.
/ =

sw+ws
ss+ww

This makes it more stable to changes in a
single type of mating, but less sensitive to
specific drops in the critical SW type of
mating.
In addition, I is affected
somewhat by how many of each type of fly
participate in mating; that is, it is affected
by mating propensity or the ratio of S: Win
the cage as well as mating compatibility.
Values of I, like those of VRII, extend
from 0 (total isolation of the two strains)
through 1 (random mating) and on to
infinity (all matings with members of the
opposite strain). This index is probably the
most commonly encountered index of
mating compatibility. It has been cited on
a number of occasions in reference to fruit
fly quality control (e.g., Chambers et al.
1983), but also appears in more basic
studies of interbreeding among different
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strains, populations, and closely related
species.
D.

Isolation Index (ISI)

The ISI is a measure of mating
compatibility (Cayol, et al. in press).
=

(SS + WW) -(SW+ WS)

ss+ww+sw+ws
Its values range from -1 (complete
negative assortative mating; i.e., all
matings are with members of the opposite
strain) through 0 (random mating) to +1
(complete positive assortative mating;
total mating isolation of the two strains).
It is conceptually simpler for some
individuals than indices that extend to
infinity. Otherwise, the ISI has the same
advantages and disadvantages as /.
E.

Male Relative
Index (MRPI)

Performance

The MRPI is a relative measure of mating
propensity of sterile versus wild males.

MRPI =

(SS+SW)-(WS+WW)

ss+sw+ws+ww

A value of 1 indicates all mating in the
cage was done by sterile males, and -1
indicates all mating was done by wild
males. Zero indicates that wild and sterile
males participated equally in mating. If
desired, this index can be used in addition
to the mean percentages of different types
of flies participating in mating, and
complements the ISI and FRPI (below).
F.

Female Relative Performance
Index (FRPI)

The FRPI is the counter part of the MRPI
and serves as a measure of mating
compatibility for female flies:

FRPI =

(SS+WS)-(SW+WW)

ss+sw+ws+ww
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III.

Median time of copulation. If the timing
of mating appears to be different for sterile
versus wild type flies, the median time of
mating, or Hi0, can provide a useful index
to quantify mating periodicity. Median
time of mating for each type of fly (sterile
male, wild female, etc.) is computed
separately for each cage. Periodicity of
mating can then be compared in pairs
(e.g., comparing H50 for wild versus sterile
flies) using paired f-tests.

IV.

Duration of mating. Length of time spent
in copula can be an indication of
laboratory adaptation of a strain and can
be related to transfer of sperm and
accessory gland fluid to the female fly.

The ability of males to attract unmated
females can be assessed using the
PHEROMONE
COMPATIBILITY
TEST described in Appendix E.

In contrast, short duration of mating for
sterile males, relative to those of wild
males mating with the same type of
female, is reason for concern and may
correlate with other data, such as those on
the incidence of remating.
Jang (1995) found that a factor in the
accessory gland fluid that males transfer
to females during mating is responsible
for shifting the female's behaviour from
seeking mates to seeking oviposition sites.
V.

Male calling time. Calling, or releasing
pheromone to attract female flies, is an
early and critical step in a male's effort to
secure a mate (Calkins, et al 1994). In a
field-cage situation, numbers of sterile
males observed calling will typically be as
high or higher than the number of wild
males calling.
The incidence of calling is a component of
mating propensity, and a low incidence of
calling among sterile males could be
indicative of low fly quality or vitality.
Sterile males could also exhibit a low level
of participation in mating despite a
relatively high incidence of calling. That
scenario could occur if (1) sterile males
were ineffective at attracting unmated
females into their immediate vicinity and
possibly the pheromone emitted is
different, and/or (2) females that were
attracted to sterile males seldom copulated
with them.
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Estimating the rate at which females
accept sterile or wild males requires more
detailed observational studies. Periodicity
of calling can be evaluated by computing
median or mean time at which sterile and
wild males were observed calling in each
cage and then analysing the resulting
values with a paired f-test.
VI.

Incidence of remating.
Higher
incidences of remating among females
that mated with sterile rather than wild
males indicate potential problems with
male competitiveness.

Additional Field-Cage Tests
Other variations of the mating compatibility test
may be conducted if deemed necessary. Examples
of possible alternatives include: higher overflooding (sterile:wild) ratios (as would be expected
in the field during most SIT programs); use of
higher male:female ratios (either by releasing
fewer females or by releasing females slowly over
time); or conducting detailed behavioural
observations to determine how flies from different
strains interact with one another (mating pairs
typically aren't collected in such tests). Use of
tests with alternate designs may be particularly
valuable in diagnosing causes of less-thandesirable levels of mating compatibility.
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4.2.

Release-Recapture Tests of
Dispersal and Survival

Objective
Estimate the ability of released sterile insects to
survive and disperse in the field.
Discussion
The ability of sterile flies to survive in the field and
to move from the point of release to feeding,
mating, and resting sites is obviously critical to the
success of SIT programs. Release-recapture tests
can be used to evaluate both the survival and
dispersal of the flies. Data from these tests are
useful for making comparisons between different
rearing strains or among flies from different
facilities.
Aside from assessing fly quality, an important
function for these tests is to determine if the release
protocol being used in the operational programme
provides continuous coverage throughout the
programme area. Data from these tests can be used
as a basis for adjusting operational procedures,
such as the time interval between two releases in
any given area or, with appropriate modification,
the distance between release points (or flight lines).
During ongoing SIT programs, these tests should
be run in an area that is close enough to the
programme release zone that climate and habitat
will be similar.
As an alternative, releaserecapture tests can be run within the programme
zone if flies for the test are marked with a separate
colour. This tactic, however, requires the tester to
deal with the large numbers of programme flies
that will end up in the traps.
Equipment and supplies
•

attractant-baited traps, appropriate for the
species being tested (see below)

•

dissecting microscope

•

long-wave ultra-violet, lamp

•

screen cages

•

miscellaneous, cups, forceps, or other supplies
as necessary

Procedures
Sterile, dye-marked insects are shipped to the
release facility and handled according to standard
protocol.
a. release: Flies are released weekly at a single
point at the centre of an array of trap sites. If
possible, dye colours should be rotated weekly
among at least two colours, if possible, making
it possible to follow individual releases for
multiple weeks. Flies should be released at the
normal age at which the flies would be released
for the control program. If flies from different
treatments (e.g., strains, facilities and/or
rearing or handling regimes) are being tested,
they should all be released from the same point
at the same time. Because low proportions of
the flies are typically captured, large numbers
(e.g., 10,000 per strain or more) must be
released in order to obtain meaningful data.
Numbers of pupae for release may be
determined volumetrically, by weight, or using
a calibrated optical seed counter. Actual
numbers of flies released is then estimated by
sampling the pupae that remain after the
release to determine emergence rate.
b. traps: The traps used for this test should
incorporate the best commonly available
attractant for males of the species being tested.
Parapheromones should be used when
available. These include trimedlure or ceralure
for C. capitata and methyl eugenol or cuelure
for the appropriate species of Bactrocera.
Traps for use with parapheromone lures include
Jackson, Pherocon AM No-bait (both sticky
traps), or any of various bucket-type traps that
contain a killing agent such as naled (dibrom).
For Anastrepha, McPhail traps (glass or plastic)
baited with 5 torula yeast pellets each are still
considered the standard.
c. trapping: Traps are hung at the trap sites 1, 4,
and 7 days after each release, and, in each case,
are then removed after 24 h. Flies that are
captured are returned to the laboratory and
examined for presence of dye.
d. plot layout: Dictating a specific layout for
traps in the field is impractical due to variation
in local conditions, differences among species,
etc.
The following guidelines should be
considered:
•
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Traps should be placed in a regularly spaced
grid of at least 6 x 6 traps. A series of
concentric circles of traps is generally
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considered better than a grid for measuring
dispersal, but circular plots are often much
more difficult to lay out and check. In addition,
use of a regular grid ensures that trap density
will be the same throughout the test plot.
•

Distance between traps may vary depending on
species, trap type, local topography, and
available host plants. However, the plot should
ideally be at least as wide as the distance
between adjacent release sites (or flight lines)
in the operational program.

e. control cages: Cages of flies should be held
within the plot to provide baseline mortality
data for evaluating survival. Flies within the
cages should be protected from predation and
provided with abundant food (typically 1:4
yeast hydrolysate:sucrose), water, and shelter
from direct sunlight and rainfall. Walk-in field
cages containing live plants for shelter may be
used if it is possible to exclude crawling
predators such as spiders and ants to a
sufficient degree. As an alternative, small
cages (e.g., 30 x 30 x 30 cm) may be hung from
trees or placed on tables. In either case, small
cages should have solid roofs for shelter, and
they must be protected from predators such as
ants. Any vegetation touching the cages must
be removed, and Tanglefoot or a similar sticky
substance must be applied to any hangers, table
legs, etc., that might provide access routes for
ants and spiders. A minimum of 100 flies for
each combination of strain and sex should be
placed in cages (separate cages for each strain)
at the time of release and are then checked for
mortality whenever traps are checked. If small
cages are used, setting up 3 cages per strain is
recommended. If desired, additional cages of
flies may be held indoors under controlled
conditions as a further check.
Interpretation
a. survival: Direct comparisons of numbers of
capture 1 days after being released versus 3, 6,
8, 10, and 13 days after the release provide
estimates of survival for these periods of time
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out in the field. Because capture on any given
day is affected by trapping conditions on that
day (i.e., weather), replication is necessary to
achieve reasonably reliable estimates of
survival. A more precise indication of weekly
survival can be obtained by comparing catch,
on the day following a release, of flies that were
released 1 and 8 days earlier. Both of these
methods will produce slight underestimates of
survival unless mathematical formulas are used
that compensate for the flies that are removed
from the population by the traps.
High
mortality in the control cages would be
indicative of either unusually harsh conditions
or poor viability in the released flies.
Note: Flies from some strains either are slow to
develop or, for some other reason, tend to be
captured in low numbers on the day after being
released. Use of the above techniques, if not
adjusted, will give inflated estimates of survival
for such strains. For new strains, tests should
ideally be conducted to estimate the
relationship between age and responsiveness to
attractants. For example, flies that were held
for 2, 4, 7 & 10 days after adult emergence
could be marked separate colours, released
simultaneously into the field, and trapped the
following day (only).
dispersal: While many of mathematical models
have been developed to describe movement of
insects in the field (e.g., see Southwood
[1978]), the simplest index for comparison
among trap days, strains, etc., for these tests is
mean distance (d ) from release site to trap:

<f=-' =In
where Ci is the number of flies captured in trap
i, and xi is the distance between trap i and the
release point.
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Irradiation and
Shipping
Procedures
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5.
5.1.

Irradiation and Shipping Procedures

Age of Insects

Batches of pupae should be irradiated and shipped
when the majority of insects are between 1 and 2
days prior to adult emergence at =25° C. This often
is expressed as -1 or -2 days. Inclusion of smaller
percentages of pupae that are -1 or -3 days from
emergence is both tolerable and unavoidable. Flies
that are irradiated before -3 days of age will tend to
be of low quality. If flies are irradiated after -1
day, some females may produce eggs. If inclusion
of flies that were irradiated after -1 days is
suspected, tests should be run to determine if
irradiated females are producing eggs (see EGGS
IN STERILE FEMALES in Appendix E.).
For programmes in which genetic sexing strains
are used, it is possible to target pupae for
irradiation at -1 days rather than -2 d due to the
low presence of females (>2%). Eye colour can be
useful for determining the physiological age of the
insects toward the end of the pupal stage (see
Ruhm & Calkins 1981).

5.2.

Irradiation Procedures

Handling of Insects
Use of reduced-oxygen atmospheres during
irradiation of tephritid pupae tends to allow use of
higher radiation doses without unduly reducing the
competitiveness of the resulting flies. Typically,
pupae are sealed in an airtight packaging container
for at least 1 hour before being irradiated; during
that period, the insects exhaust most of the oxygen
supply within the container.
If containers are rigid (e.g., bottles), they should be
filled to near capacity to minimise the amount of
excess air. If plastic bags are used, they should be
tied tightly after excess air has been evacuated. An
alternative method of achieving hypoxia is to
saturate the atmosphere within the container with
an oxygen-free substitute for air (e.g., N2).
The size and shape of the packaging container are
typically a function of the size and shape of the
sample chamber in the irradiator. The C. capitata
rearing facility in Metapa, Mexico, for example,
has a large pool-type irradiator, and pupae are held
in 10- or 15-liter polypropylene bottles for
irradiation. In contrast, canisters for Hussman
irradiators (USDA Mexfly facility; USDA Hawaii
Fruit Fly Facility; El Pino facility in Guatemala)
hold long plastic "sausage" bags that contain 4
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litres of pupae each. The canisters for the
GammaCel irradiators at El Pino and Arica, Chile,
accept smaller plastic bags of pupae (=2 litres).
For most SIT programmes (including all that are
run in areas where the target pest is not considered
to be well established), pupae are marked with
fluorescent dye before irradiation. This is done by
gently rotating the pupae in a drum or other large
container with Day-Glo powder (2 to 2.5 g of
powder per litre of pupae) until pupae are
uniformly covered with the powder. They are then
sealed into their packaging containers and held at
cool temperatures (12 to 20° C) for at least 1 h.
Cool temperatures are necessary to reduce the
metabolic rate of pupae during irradiation and
subsequent shipment.
Absorbed Dose for Inducing Sterility
The absorbed dose of radiation that is used to
induce sterility is of critical importance to a SIT
program. Insects that receive too low an absorbed
dose retain too much fertility for programme
purposes and, in some instances, could even
compromise quarantine security. Too high an
absorbed dose will result in insects that do not
compete well against wild flies in the field.
The absorbed dose to be used for any given SIT
programme should be based on mutual agreement
between the rearing facility and the end user. The
decision will be based on results of STERILITY
TEST (see Appendix E) in combination with such
considerations as programme requirements and
effects of radiation dose on insect quality.
Typically, the end user will want to specify a
minimum level of sterility and/or a minimum
absorbed dose that all pupae must receive.
In most tephritid flies, the dose required to stop
egg production in females is typically lower than
the dose that is required to induce near-complete
sterility in males.
For most purposes, the
minimum absorbed dose will be somewhat higher
than the dose at which egg production stops.
The absorbed dose will vary somewhat within the
irradiation chamber. To ensure that all pupae
receive a minimum absorbed dose, most pupae will
actually be irradiated with an absorbed dose that is
somewhat higher than the specified minimum. If
the dose-uniformity ratio (ratio of maximum to
minimum absorbed dose within the chamber; see
section on dose mapping below) is too high, many
Part5: IRRADIATION and SHIPPING
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of the insects will end up receiving a dose that
severely reduces their competitiveness. In such
cases, it may be necessary to use only portions of
the irradiation chamber where the dose is more
uniform.
For example, plugs of corrugated
cardboard or material of similar density could be
used to fill the ends of a chamber if the dose rates
in those areas are found to be substantially lower
than those in more central portions of the
irradiation chamber.
Irradiation Verification
Accidental release of unirradiated flies could be
potentially disastrous, especially for programmes
like those in California, USA, where SIT is used
for eradication of extremely small populations
and/or as a prophylactic measure to prevent
establishment of newly introduced flies. The
following procedures were designed to minimise
the chances of such accidents:
The procedures described here are applicable to
sterile insect programmes in areas where the target
species is not considered to be generally established
within the release area. Slightly less stringent
versions of these procedures may be allowable in
some programmes that are being conducted against
well-established populations.
a. radiation-sensitive indicators: A radiationsensitive indicator is a material such as a coated
or impregnated adhesive-back (or adhesivefront) substrate, ink, or coating which may be
affixed to or printed on an irradiated sample
and which undergoes a visual change when
exposed to ionising radiation (ASTM Standard
E 1539-93).
Some radiation-sensitive
indicators are
designed to be dose-specific; i.e., they indicate
that they have been exposed to radiation only
after receiving some pre-defined absorbed dose.
Experts in dosimetry agree that radiationsensitive indicators can provide a visual and
qualitative indication that a sample has or has
not been exposed to ionising radiation.
The indicators cannot be used as a substitute for
proper dosimetry, even if they were designed to
be dose-specific. An exception to this is the use
of calibrated radiochromic film as an indicator,
assuming the film is subsequently read with a
Transmission/Reflectance Densitometer.
Note: Radiation-sensitive indicators must be
handled and stored according to their
manufacturers' recommendations. Indicators
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that are exposed to excessive humidity or
radiation (e.g., sunlight) before or after
irradiation may give erroneous readings.
A radiation-sensitive indicator should be firmly
affixed to each packaging container of insects
before the insects are transported into the room
where they are to be placed in the irradiator. If
insects are packaged in plastic bags, the
indicator should be placed inside the bag.
Indicators can be purchased with a sticky front
surface so they can be affixed to the inside of
the bag and viewed readily both before and
after irradiation.
Use of dose-specific indicators is preferred.
The absorbed dose at which the indicator
"changes" should be near the minimum
absorbed dose that is used for processing the
insects. Indicators should be examined before
use and discarded if they show any darkening
(or other sign that they have been inadvertently
exposed to radiation). New batches of dosespecific indicators should be checked to ensure
that their sensitivity agrees with the specified
absorbed dose.
b. procedures: Insects should be securely sealed
in their packaging containers in an area
separate from both the irradiator and the
boxing/loading areas. Ideally, entry and exit
openings for the irradiator should be accessed
from different rooms to avoid possible mix-ups
of irradiated and unirradiated containers of
pupae (this is clearly not possible with, e.g.,
irradiators, where samples are inserted into and
removed from the irradiator through a single
opening). PACKAGING CONTAINERS ARE NOT TO
BE BROKEN OR OPENED FROM THE TIME THEY ARE
SEALED FOR HYPOXIA (PRE-IRRADIATION) UNTIL
THEY REACH THE EMERGENCE & RELEASE
FACILITY.

c. verification at the production facility. When
packaging containers of sterile insects are
boxed (bags) or loaded (bottles) removed from
the irradiator facility, the personnel should
examine the radiation-sensitive indicator on
each packaging container and either provide
written certification on the container (showing
that the container went through the irradiator
and the indicator had been fully exposed to
radiation) or reject the container (if the
indicator was not fully exposed or no indicator
is attached).
d. verification at the emergence and release
facility: Examine each packaging container
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(bottle or plastic bag) of pupae. Pupae in the
container must be destroyed if (1) the radiationsensitive indicator is missing, unexposed or
partially exposed, (2) there are no certifying
marks on the packaging container showing that
the indicator had been examined at the
production facility, or (3) the packaging
container is broken or has been opened.
Irradiation Process Qualification
The irradiation facility and the process used to
irradiate insects must be thoroughly tested to
ensure that the insects going into the field are
properly sterilised. Methods used in qualifying the
irradiation facility itself are covered by NIST and
ASTM guidelines. The following, stated very
briefly, will help ensure that the radiation process
delivers absorbed doses within an acceptable range
(thus sterilising the insects without overly reducing
their ability to compete with wild flies):
a. periodic dosimetry. The radiation field within
each irradiator should be calibrated periodically
using a dosimetry system that is traceable to
nationally or internationally recognised
standards. Under normal operating conditions,
the frequency of these checks is relatively low
(e.g., once every three years for gamma
irradiators); consult the manufacturer's
literature
and
ASTM
(1996)
for
recommendations.

Table 4. Quality control data for C. capitata
exposed to post-irradiation hypoxia for
different periods of time.
X hours in X %
X %
hypoxia
emergence
fliers
Flies reared at Tapachula, Mexico & shipped to emergence
& release facilities (1980-1981)

QC Center

Tapachula
Guatemala
Los Gatos

4
8
20

84.8
82.1
77.6

74.2
68.8
66.5

Flies reared and tested a the USDA Hawaii Fruit Fly Rearing
Facility (1996)
(unirrad.)
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0
1
10
20
30
45

95.6
94.1
94.3
94.1
94.1
92.9

92.5
90.3
89.2
88.9
85.8
82.2

This, in conjunction with results of dosemapping, is used to set the timer or other
parameter used to adjust the absorbed dose (for
gamma-type irradiators, note that, between
these measurements, the adjustments to the
time are made based on the known decay rate of
the source). More frequent checks of absorbed
dose using routine dosimetry systems are also
advisable to document that the radiation
process is under control. These checks could,
for example, be conducted in conjunction with
periodic sterility checks (see below).
In
addition, relevant operating parameters of the
irradiator (e.g., timer setting and accuracy)
should be monitored and documented.
b. dose-mapping: routine dosimeters are used to
map the absorbed dose within the irradiation
chamber and determine if the absorbed dose
will be within an acceptable range throughout
the irradiated volume of insects. For additional
information, see ASTM (1996), Gomes (1993),
Walker et al. (1996), and Zavala et al. (1985).
c. loading configuration: the size and shape of
the container used to hold insects during
routine irradiation processing, its position
within the canister (if applicable), and other
relevant information (e.g., any plugs that are
used to exclude samples from portions of the
canister where absorbed dose rate is
inappropriate) should be defined for each
species.
Note: Absorbed dose rate will, to some degree,
vary inversely with the volume of the sample
that's being irradiated. For a sample that is
much smaller than those used in routine
processing, the volume surrounding the sample
should be filled with waste insects or other
material that has a density similar to that of
insects.
d. dose-sterility tests: dose-sterility tests are
performed to ensure that the irradiation process
to be used results in the desired level of sterility
(e.g., Appendix E). Sterility checks must be
performed when a facility (irradiator) or
process is initiated and with any major changes
in the rearing or handling (e.g., introduction of
a new strain, new methods of achieving
hypoxia, etc.). In addition, sterility checks
should be run periodically (e.g., quarterly or
monthly) to ensure that the radiation process is
under control.
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Boxing and Shipping Procedures
Plastic bottles
Bottles of irradiated pupae are sent in a
refrigerated van, either to the local emergence
facility or to the airport for long-distance shipment.
No additional packing or insulating material is
used around the bottles.
Plastic bags and cardboard boxes
Pupae irradiated in small, self-contained gamma
sources (e.g., Hussman or GammaCel irradiators)
are typically packaged in a polyethylene bag that
fits inside of a metal canister that is then passed
through the irradiator. Bags are =1.5 mil thick. In
some cases, pupae are double bagged (before
irradiation) as an extra security measure.
Bags of pupae are loaded into secure cardboard
shipping containers for transportation to the
emergence and release facility. As an example, the
shipping container used to hold the 4-liter bags of
pupae that fit into the canisters of Hussman
irradiators is as follows: the container is
constructed of double-walled corrugated cardboard
and are 74 x 34 x 34 cm with a top and bottom full
overlap. Inside the box, a central compartment, 46
cm long, is lined with additional layers of
corrugated cardboard. Nine bags of pupae are
placed lengthwise within this central compartment
in three layers of three bags each. Layers, as well
as bags within a layer, are separated by spacers of
double- and single-wall, respectively, corrugated
cardboard. The space remaining at either end of
the box (=10 cm of the length of the box) is used to
hold two packages each of "blue ice", wrapped in
newspaper).
Once full, a box is sealed closed with carton
staples (placing staples in locations where they will
not hit the bags of pupae) and two bands of fibrereinforced plastic adhesive tape. Boxes for each
shipment are numbered consecutively in large,
clear writing on the outside of the box; e.g., "Box 3
of 24".
Shipping and handling
Ideally, boxes or bottles of pupae should be held at
or slightly below 20° C during transportation. In
all cases, the containers must not be held under
freezing conditions or spend more than a few
minutes at temperatures of >30° C (or under
conditions, such as prolonged exposure to direct
sunlight, that would create internal temperatures of
>30° C). For local transportation, air-conditioned
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or refrigerated vans should be used if ambient
conditions are likely to result in overheating of
pupae. For long-distance shipment, pupae are
typically carried by commercial airlines in a
portion of the cargo hold where temperature and
air pressure are held at "cabin" levels. Airline
routing should be selected to minimise shipment
time. Although pupae have been held under
hypoxia for 40 hours for some programmes
(Brazzel et al. 1986), quality begins to drop rapidly
when hypoxia extends beyond =24 hours (Table
4). Use of plastic bottles rather than bags and
boxes may tend to increase the effects of extended
hypoxia on insect quality (Brazzel et al. 1986).
Listing of ASTM Standards Relevant to Insect
Irradiation
ASTM Standard E 170-92. Standard Terminology
Relating to Radiation Measurements and
Dosimetry. Annual book of ASTM standards. Vol.
12.02:1-8 (August 1992).
ASTM Standard E 177-90a. Standard Practice for
Use of the Terms Precision and Bias in ASTM Test
Methods. Annual book of ASTM standards. Vol.
12.02:79-90 (August 1990).
ASTM Standard E 456-92. Standard Terminology
Relating to Quality and Statistics. Annual book of
ASTM standards. Vol. 12.02:255-261 (May 1992).
ASTM Standard E 1026-95. Standard Practice for
Using the Fricke Reference Standard Dosimetry
System. Annual book of ASTM standards. Vol.
12.02:571-575 (June 1995).
ASTM Standard E 1275-93. Standard Practice for
Use of a Radiochromic Film Dosimetry System.
Annual book of ASTM standards. Vol. 12.02:735739 (July 1993).
ASTM Standard E 1539-93. Standard Guide for
Use of Radiation-Sensitive Indicators. Annual book
of ASTM standards. Vol. 12.02:818-819 (June
1993).
An ASTM committee has drafted a standard guide
entitled, "Dosimetry for Irradiation of Insects for
Sterile Release Programs". Interested readers are
encouraged to contact Dr. David R. Lance, who
serves as Chairman of the ASTM Task Group E
10.01 responsible for preparing this guide. Dr.
Lance's address and telephone are cited in
Appendix B.
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Participants in the FAO/IAEA Consultants Meeting on
Fruit Fly Quality Control, 5-9 May, 1997, Vienna, Austria.

Chairing Committee:
D. R. Lance (Chair), USDA-APHIS-PPQ Hawaii Plant Protection Centre, P.O. Box 1040, Waimanalo, HI
96795, USA. Phone: 1-808-259-6808; Fax: 1-808-259-7354; Email: hppc@lava.net.
P.J. Gomes (Facilitator), Joint FAO/IAEA Division, Wagramerstrasse 5, Box 100, A-1400, Vienna,
Austria. Phone: 431 2600 21630; Fax 431 26007; Email: P.J.Gomes@iaea.org.
K. Fisher (Rapporteur), IAEA Laboratories, A-2444, Seibersdorf, Austria. Phone: 431 2600 28413; Fax:
431 2600 28447; Email: K.Fisher@iaea.org.
G. Agosta, CDFA (Consultant). CDFA, Division of Plant Industry, 1220 N street, Sacramento, California,
USA. Phone: 1-9166541211; Fax: 1-9166540555; Internet email: gagosta@cdfa.gov.ca.
C. Calkins (Consultant), USDA-ARS, Yakima Agricultural Research Laboratory, 5230 Konnowac Pass
Road, Wapato, WA 98915, USA. Phone: 1-509-454-6570; Fax: 1-509-454-5646; email:
ccalkins@yarl.gov.
D. Orozco (Consultant), California Dept. of Food and Agriculture, PO Box 368, Tapachula, Chiapas,
Mexico. Phone: 52-962 62342; Fax: 52-962 64955; email: pliedo@tap.ecosur.mx
Participants:
L. Acuna (Mexico), Programa Moscamed, 2a Ave. Sur No.5-3, 30700 Tapachula, Chiapas, Mexico.
Phone: 52-962 61078; Fax: 52-962 61078.
D. Alama (Peru), SENASA, Av. Salaverry S/N Edificio Ministerio de Trabajo, Sector Jesus Maria, Piso
10, Lima, Peru. Phone: 51 144 3553316 Fax: 51 144 3553316.
J-P. Cayol. IAEA Laboratories, A-2444, Seibersdorf, Austria. Phone: 431 2600 28409; Fax: 431 2600
28447; Email: J.Cayol@iaea.org.
H. Donoso (Chile), Servicio Agricola y Ganadero, 7 de junio 148, 1 Region, Arica, Chile. Phone: 565
8251910, 565 8252361; Fax: 565 8232988; email: seremil@miniagri.gob.cl
A. Economopoulos (Greece), University of Crete, PO Box 2208, 71409 Heraklion, Crete, Greece. Phone:
308 1394405, 308 1394077; Fax: 308 1239155; email: economop@nefeli.imbb.forth
J. Hendrichs. Joint FAO/IAEA Division, Wagramerstrasse 5, Box 100, A-1400, Vienna, Austria. Phone:
431 2600 21628; Fax 431 26007; Email: J.Hendrichs@iaea.org.
E. Manoto (Philippines), Department of Science and Technology, Philippine Nuclear Research Inst.
Commonwealth Avenue, Diliman, Quezon City, The Philippines. Phone: 63-2 9206010 to 19; Fax: 63-2
9201646; e-mail: ecm@laguna.net or gerald@laguna.net.
R. Pereira (Madeira),Laboratorio Agricola da Madeira, Estrada Eng Abel Vieira, 9135 Camacha, Madeira,
Portugal. Phone: 351 91 922406; Fax: 351 91 922511; email: madeira.ram@dra.mailpac.pt
P. Rendon (Guatemala), Guatemala Medfly Station, USDA/APHIS/PPQ, U.S. Embassy, Unit 3319 - APO
AA, 34030-3319 Guatemala City, Guatemala. Phone: 502-3347575; Fax: 502-3316818; email:
ppq@guate.net
A. Robinson. IAEA Laboratories, A-2444, Seibersdorf, Austria. Phone: 431 2600 28402; Fax: 431 2600
28447; Email: A.Robinson@iaea.org.
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7.

App7. endix A:

Historic chronology of Product Quality Control of
Tephritid Flies for use in Sterile Insect Technique release programmes.
1977 Publication of "An Idea Book for Fruit Fly Workers" (Boiler & Chambers 1977), which includes many
original papers and bibliographic references on how to measure overall performance, individual traits, and
production of laboratory-reared tephritids.
1978 IOBC Palearctic Working Group on Fruit Flies of Economic Importance met at Sassari, Sardinia, Italy
where quality control of tephritid fruit flies was proposed as a discipline.
1978 Boiler, Calkins, Chambers, Cunningham, Greany, Hendrichs, Huettel, Leppla and Ruhm meet in
Guatemala under the auspices of IAEA, USDA, ARS and Moscamed to conduct laboratory and field tests of
quality control on laboratory and field collected medflies.
1979 Lek mating system described in medfly (Prokopy and Hendrichs 1979). International Organization of
Biological Control (IOBC) sponsors a course in Castellon, Spain and a manual (Calkins et al. 1979) to cover
methods for assessing pupal size, flight ability, startle activity, olfactometry, mating propensity, dispersal &
survival, and ratio tests.
1981 Publication of the RAPID methods and apparatuses for "Measuring, Monitoring, and Improving the
Quality of Mass-Reared Medflies" (Boiler et al. 1981). This publication suggests that five tests, i.e., pupal size,
flight ability, startle activity, response to pheromone, and mating propensity, be carried out at frequent
intervals.
1981 An International Technical Group on Quality Control meets in Guatemala to standardise basic methods
and tests. Six tests are recommended that should be carried out regularly and nine others as time and resources
permit (Klee 1981). Procedures and samples of reporting forms to be used were included.
1982 First female mate choice test on a caged host tree, allowing wild female flies to select among wild and
sterile mates observed by Zapien et al.
1982 IOBC Global Working Group on Quality Control of Mass Reared Insects was formed. The first meeting
was held in Gainesville, Florida, USA. Subsequent meetings were held in Wadenswil, Switzerland in 1984, in
Guatemala City, Guatemala in 1986, in Vancouver, British, Columbia, Canada, in 1988, Wageningen, The
Netherlands in 1991 in Rimini, Italy in 1994, and in Santa Barbara, California, USA in 1996.
1982 International Symposium on Fruit Flies of Economic Importance had a section on Quality Control,
Athens, Greece. Also held in 1986 in Crete, 1990 in Antigua, Guatemala, and 1994 in Clearwater, Florida,
USA.
1983 Field tests for extending and confirming the results of laboratory data from RAPID tests are published by
Chambers et al. (1983). The staff at the Medfly Rearing Facility in Metapa, Mexico, publishes a manual of >40
lab and field tests that have been used extensively to measure the quality of mass produced flies in Latin
America (Orozco et al. 1983).
1984 USDA, IAEA and Moscamed Guatemala establish a co-operative pilot test of a systematic process, based
on the RAPID tests, for measuring and controlling quality through process control, product evaluation, and
data management. A manual for laboratory QC of mass-reared Medflies is developed by C. Calkins and T.
Ashley.
1986 USDA-APHIS compiles and distributes "Required quality control tests, quality specifications, and
shipping procedures." (Brazzel et al. 1986). This manual was designed to ensure that Mediterranean fruit flies
for SIT programmes with USDA involvement meet certain quality standards. The QC tests included were
primarily a check on the rearing process and could all be carried out with inexpensive (or easily constructed)
equipment in a minimum of laboratory space. This has been the QC guide followed in USDA, Moscamed, and
CDFA rearing facilities for the past 10 years
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8.

Appendix B:

Known Sources of Key Equipment and Supplies3
Item
Dose-specific radiation-sensitive
indicators (70, 125, 300 Gy)
Field Cages, 20 x 20 HDPE
Screen fabric - 2.9 meters
diameterx2.0 meters height with
floor and one 2-way zipper
(bottom to top)
Roller Gauges for pupal sizing
and separating
Seed Counter (for counting
pupae), ELMOR 600/A05 with
screw on conveyor bowl
including discharge chute and
foot actuator.
Ultra-Violet Lamp, High
Intensity Long-wave. B-100AP

Ultra-Violet Lamp with
magnifier, Philalux II HF, Art.
9865

Traps and trapping supplies
Tubing for Flight Ability tubes

Source
ISP International Speciality Products, 1361 Alps Rd, Wayne, New
Jersey, 07470, Tel: 201 628 4000, Fax: 201 628 3016
Synthetic Industries, P.O. Box 977, 2100A Atlanta Highway,
Gainesville, Georgia, 30503 USA. FAX: +770-531-1347.

Ing. Alfred Paral, Postfach 27, Hainfelder Strasse, A-3071
Boeheimkirchen, Austria. FAX +43-2-7432-3045
(puppentransporteinrichtung)
Dr. Moll Rudolf, Mangelegg 58, CH-6430 Schwyz, Switzerland,
Attention: Export Dept. FAX: +41-4321-6508.

UVP, Inc. 2066 W. 1 lth Street, Upland, CA USA, (800)452-6788
or (909)946-3197, E-Mail: uvp@uvp.com; European Sales
Operations: Ultra-Violet Products Limited, Science Park, Milton
Road, Cambridge, UK CB4 4FH, Telephone: 44(0)1223-420022, EMail: uvpuk@uvp.com
Schwaebische Albumfabrik GmbH & Co. Kg
P.O. Box 60
D-7445 Bempflingen
Germany
FAX: +49-71-233-2550
Gempler's Pest Management Supply, P.O. Box 270, 211 Blue
Mounds Rd., Mt. Horeb, WI 53572 USA. 800/272-7672 (voice);
800/551-1128 (fax).
Consolidated Plastics Company, 9085 Freeway Drive, Macedonia,
Ohio 44056 USA. Order: Tube-Pak, size No. 52D I.D. 3 %", O.D. 3
!/2", 8 ft length, Part No. 06048C.

3

Reference to any commercial product or service is made with the understanding that no
discrimination is intended and no endorsement by the International Atomic Energy Agency or the
United States Department of Agriculture is implied.
10 May 1999

Part 8: APPENDIX B [Equipment]

8-1

Quality Control for Mass Produced Tephritid Fruit Flies

Appendix C
Forms for
Recording Quality
Control Data

SEX RATiO ASSESSMENT
Setup tt*e:
Cetftttcfi D«r

TrdDKf

STRESS ASSESSkiENT
Soupltat
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9.

Appendix C:

Forms for Recording Quality Control Data
The following section presents forms commonly used in the recording of quality control data for fruit
flies. They contain the necessary data and transformations of data, and can be used as they are
presented or as templates for other forms developed for specific tests or facilities.
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EMERGENCE AND FLIGHT ABILITY ASSESSMENT
Setup Date:
Shipment Date
D
•
•
D

T
A
B
C
D

Lot#

Collection Date

Test Date

Tester

5

Average

Pre Irradiation
Post Irradiation
Pre Release
Post Release

Elements
Number of Pupae
Not Emerged
Part Emerged
Deformed
Not Flyers

1

2

Replicate
3

4

Calculations:
Value

E T-{A + B}/100
F T - {A + B + C + D}/100
F/E

% Emergence
% Flyers
Rate of Flyers

Observations:

Authorisation
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MATING COMPATIBILITY ASSESSMENT
Setup Date:

Tree type:
Shipment Date
•
D
•
•

Lot*

Collection Date

Test Date

Tester

Pre Irradiation
Post Irradiation
Pre Release
Post Release

Mating Pair Key:

a pair is always represented by male first and female second
S = sterile, W = wild (e.g. S W is a sterile male:wild female combination

Location Key:

P is position of mating on Cage or Tree
E is elevation of mating within the tree at High, Middle and Low
F is side of foliage (leaf) that mating occurs: either Under or Over the leaf

Pair*

Time

Start

End

Mating

Mating

(H:M)

(H:M)

(H:M)

Location

Pair
Male

Female

P

E

Temp
F

CO

/
%RH

Light
Lux

Calculations:
Value

[XSSxXWW]

[£swx£ws j
f Xsw 1
l£swx£ww j

RII
RSI

Other Observations-

Authorisation
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PUPAL SIZE ASSESSMENT
Setup Date:
Shipment Date
D
D
D
D

Lot # | Collection Date

Test Date

Tester

2

Replicate
3

4

5

Sum

7

Replicate
8

9

10

Sum

Pre Irradiation
Post Irradiation
Pre Release
Post Release

1
Total Pupae
Total Weight

6
Total Pupae
Total Weight

Calculations:
Value
5

V Replicates
I
5

2\Total Pupae

Average Weight
(5 samples)

l

Value
10

V Replicates
I
10

V Total Pupae
I

Average Weight
(10 samples)

Observations:

Authorisation
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SEX RATIO ASSESSMENT
Setup Date:
Shipment Date
D
D
•
D

Lot#

Collection Date

Test Date

Tester

5

Average

Pre Irradiation
Post Irradiation
Pre Release
Post Release

Replicate

T
M
F
A
B

Elements
Total Pupae
Male
Female
Not Emerged
Part Emerged

1

2

3

4

Calculations:
Value

r M 1 *100

% Male

Observations:

Authorisation
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STRESS ASSESSMENT
Setup Date:
Shipment Date
•
D
•
D

Lot#

Collection Date

Test Date

Test Time

Pre Irradiation
Post Irradiation
Pre Release
Post Release

Replicate
Elements
T Total Males
DM Dead @ 48 hours

DF
A

1

2

3

4

5

Average

Total Females
Dead @ 48 hours

Calculations:
Value
\DM]

1100 J

% Male
Mortality

I-}

% Female
Mortality

Observations:

Authorisation
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Appendix D: Ancillary Tests

10.1. Laboratory Mating Test

than the desired temperature in order to achieve an
average of 25° C during the test.

Objective.

Procedure

The laboratory mating (lama) test provides a
measure of the basic ability of flies to mate, albeit
under controlled, artificial conditions.

Flies should be separated by sex within a few hours
of adult emergence and provided with food and
water until sexually mature (use of flies of a
standardised age is recommended). Time of day
when the test is run will vary with species. For C.
capitata, the test is begun as soon as possible
following a period of at least 10 hours of darkness.
For A. ludens, the test is begun after 12 hours of
photophase (daily lightdark cycles under which the
flies are held before the test may be adjusted to, say,
"lights on" at 0300 hours and "lights off" at 1700
hours to allowing tests to be run during normal
working hours). For A. suspensa, tests should be
started 10 hours after "lights on". Transfer 25
males and then 25 females within 5 minutes into
each of 5 mating cages. Allow flies to mate for 1
hour, periodically removing and counting mating
pairs. Compute percent of flies mating for each
cage.

Discussion.
Inadvertent selection for insects that don't attempt
to mate would seem unlikely in a large laboratory
colony. Because of that, performance of flies in the
lama test should be viewed as an indicator of
overall fly quality as affected by the rearing process.
The lama test will not detect many factors that may
reduce the acceptability of sterile males to wild
females. Thus, high scores on lama tests should not
be considered evidence that sterile males will
perform well in the field. In contrast, for a given
strain of flies from a given production facility,
downward trends in scores on lama tests is a
reasonably certain sign that flies will not perform
well in the field.
The Lama test can be used as a routine indicator
that the sterile flies going out into the field are at
least capable of mating. It can also be extremely
useful for evaluating effects of changes in rearing
or holding procedures on mating propensity of
mass-produced flies.
Equipment
•
•
•

Plexiglas mating cages (Fig. 5).
aspirator
environmentally
controlled
VII.D.l.c).

space

(see

Afofe: In its original form, this was known as the
mating propensity test and produced an index that
was sensitive to both the incidence and speed of
mating. Mating pairs were counted and then
removed from the cage at the end of each of 6
consecutive 10-min intervals (a total of 1 hour).
Numbers of couples mating in the 1st, 2nd and 6th
intervals were then multiplied by 100, 50, 33, 25,
20, and 15, respectively. The sum of these products
was then divided by the total number of pairs in the
cage (25, barring accidental death, escape, etc.) to
yield the mating propensity index.

Test conditions

Interpretation

• temperature: 25 ± 1° C
• humidity:
65±15%RH
• light:
2000 lux (C. capitata)
200 lux (A. ludens)
2500 lux (A. suspensa)
• photo-period 14:10 Light:Dark (for holding
flies for sexual maturation)
Note: For standardisation and some degree of
relevance to the natural situation, the light source
should ideally be a daylight-balanced tungsten light
with a bare bulb (e.g., Phillips incandescent
daylight blue, 17.5 lumens/watt) above each cage.
With some lighting set-ups, interiors of cages may
warm during the course of the tests. This should be
minimised by not placing cages on warm surfaces
and, if necessary, by rotating the cage 90° so that
the screened opening is on the side rather than the
top. Tests may have to be started at slightly cooler

For a given strain and rearing system, downward
trends in the percentage of flies mating over time
are a sensitive indicator of problems in rearing or
handling of flies. For thoroughly lab-adapted
strains, well over 50% of healthy flies, on the
average, will typically mate within the test period.
Typically, percentages of flies mating will be
relatively lower for P-generation wild flies or flies
from recently colonised laboratory strains.
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See Fig. 5. The "Lama" cage. A. Box of 0.3 cm
Plexiglas (use methylene chloride to join edges of
Plexiglas sheets), 30 x 40 x 30 cm (w x d x h); B.
Access hole, covered with fine nylon mesh or
surgical stocking; C. Ventilation hole covered with
16 mesh screen; D. In this test a yellow "Post-It"
(=5 x 8 cm) adhered to die outside top of the cage
in a front corner provides a "calling" spot for
males (optional).
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10.2. Mating Competitiveness (Fried Test)
Objective
To provide an estimate of the overall mating
competitiveness of sterile male fruit flies.
Discussion
An index of mating competitiveness, C, is based on
the degree of sterility in eggs produced by wild
females when sterile males and wild males compete
for these wild females. The mating competitiveness
of sterile males will influence the number of sterile
males required for releases to induce the target
degree of sterility into the wild population. In mass
rearing, there are many factors which can change the
mating competitiveness of an insect. Fried (1971)
considered that final expression of mating
competitiveness could be measured in the egg hatch
induced into the population. He presented a model
for determining mating competitiveness using
different ratios of sterile to wild males. This was
adapted into a test for mating competitiveness and
has subsequently been called the Fried Test. The
Fried test has been conducted in lab/field cages (and
open field experiments) for many years in some
facilities.
Sources and Handling of Flies
i.
sterile lab male, as for compatibility test, but
do not mark (paint) flies.
ii. fertile lab females: Place several thousand nonirradiated, unmarked pupae in a cup in a screen
or Plexiglas cage and separate sexes within a
few hours of emergence. Then, hold the flies
until sexually mature in laboratory cages (screen
or Plexiglas) containing an appropriate source
of food and moisture (e.g., water and 1:4
mixture of protein: sucrose). Age of sexual
maturity will vary with species and strain.
iii.

wild flies: As for compatibility test, but do not
mark (paint) flies.

Equipment
•

Outdoor field cage containing a host tree, as for
the compatibility test.

•

Oviposition substrate, agar egging balls or ripe
host fruit (free of tephritid eggs).

•

Dissecting microscope.

•

Dissecting forceps

•

Two laboratory oviposition cages; one for testing
control egg hatch from wild females, and one for
testing the sterility of irradiated males.

Methods and Materials
i. competitiveness test cage: Before the test (at least
the proceeding day), flies are transferred to
containers suitable for releasing them into screen
cages in groups of 20 or 40 flies per container
lOMav 1999

(flies are provided with food, moisture, and
ventilation in the containers). Add 16 oviposition
substrates to the cage, by hanging them in the
fruit tree on eight equidistant compass points at 2
different levels in the tree. On the day of the test,
40 wild males and 120 sterile males with 40 wild
females are released into the field cage. Food and
water are added to the cage for the duration of the
test.
ii. sterility test cage: 25 sexually mature sterile
males and 25 sexually mature fertile laboratory
females are placed into an oviposition cage with
food and water. The oviposition substrates are
added to the cage at the same time as for the field
cage.
iii. control test cage: 25 wild sexually mature males
and 25 wild sexually mature females are placed
into the other oviposition cage with food and
water. This cage can be placed in the laboratory
if necessary. The oviposition substrates are added
to the cage at the same time as for the field cage.
iv. procedure: The test is run for 4 days. At 48
hours after placing the flies into the respective
cages, infested agar balls are replaced with a new
set of balls. The infested balls are dissected
within 2 hours of removal. Eggs from the ball
are placed onto moistened black filter paper in a
9-cm petri dish. The eggs are incubated at 25°C
and after 5 days, the percentage egg hatch is
evaluated. For meaningful data, at least three
replicates of this test are required.
Interpretation
The Fried competitiveness value (C) is computed
using the following formula:

W_ Hw-Hc
~ SX Hc-Hs
In this formula, Wis the number of wild males in the
competitiveness cage, S is the number of sterile males
in the competitiveness cage, Hw is the egg hatch from
wild females in the control cage, Hc is egg hatch from
wild females in the competitiveness cage and H5 is
the egg hatch from lab females in the sterility cage.
Variance of C values can be calculated according to
Hooper and Horton (1982).
Normally, C varies between 1 and 0. Values of 1
indicate equal competitiveness between sterile and
wild males. It is not uncommon to record values of
more than 1; therefore, replicates with values greater
than 1.1 should be discarded, and values between 1
and 1.1 should be rounded down to 1.0. Values
between 0.2 and 0.4 are normal for sterile lab males.

Part 10: APPENDIX D [Ancillary Testsj

10-2

Quality Control for Mass Produced Tephritid Fruit Flies

10.3. Pheromone Compatibility
Objective

Equipment

To determine if the pheromone produced by males
that were mass reared for sterilisation and release
is attractive to wild females.

•

Standard round outdoor field cages.

•

Nine small screened cages (10x10x10 cm) with
2/3 m long cord and hooks on ends to suspend
cages inside the large field cages.

•

Aspirator

•

Clipboard and forms

Discussion
Frequently, colonies of fruit flies are cultured in the
rearing facilities for many generations without any
influx of new genes.
Mating occurs under
extremely crowded conditions and there is some
question whether pheromone is used in the
courtship process. There is the possibility that
pheromone production may be reduced or even
eliminated under this circumstance. There is also
the possibility that the ratio of the components of
the pheromone may vary or change. If any of these
situations occur, this could affect how the wild
target female would react to the sterile male in the
mating arena. The following describes a simple
test that does not have to be conducted more
frequently than once each year during the time
when the mating compatibility tests are being
conducted.
Source and Handling of Flies
i. Sterile flies: Place several hundred irradiated
pupae in a cup in a screened or Plexiglas cage
and separate the sexes within a few hours of
emergence. Flies are held in a screened cage
containing either sugar gel (15% sucrose in
0.8% agar) or water and a proteinrsucrose (1:3
or 1:4) diet until they are sexually mature.
ii. Wild flies: Wild flies are collected as larvae in
fruit. The fruit is held in the laboratory for
larval emergence and are placed in a pupation
media. When flies emerge, they are sexed and
handled as the sterile flies above, although
sexual maturation will likely take longer among
the wild flies.

10 May 1999

Procedure
Place 5 sterile males in each of 3 small cages, 5
wild males in each of 3 small cages and keep 3
small cages empty. Suspend small cages from the
top of the large cage equal distance from each
other, about 1/3 m from the side of the cage and
about 2/3 m from the top. Cages containing
different treatments should be alternated so that no
two cages containing the same treatment are
adjacent to each other. Place 100 wild females
inside the large cage. After 10 minutes, count the
number of female flies on top of each cage and
record the number on the form. Then gently blow
the female flies from the top of each small cage.
Then rotate the cages one stop. Repeat the test
every 10 minutes for 9 periods so that each small
cage has occupied each position in the large cage.
Total the number of females for each treatment and
determine the mean and the standard error.
Interpretation
One would expect the sterile males to call more
than the wild males. If they produce similar
amounts of pheromone as the wild males, one
would expect more wild females on those cages
containing sterile males. The empty cages should
have no or very few females resting on them. If
there are substantially more females resting on the
wild male cages than on the sterile male cages,
there may be some concern that the pheromone has
either changed or the sterile males are not
producing enough pheromone.
This could
conceivably affect the compatibility of the sterile
male and the wild female in the field.
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10.4. Sterility Test
Objective.
To ensure that flies being released into the field
have the required degree of sterility.
Discussion.
While this test is not listed as required, it is
strongly recommended that it be run periodically at
all rearing facilities to ensure that the sterilisation
process is under control. In addition, the test
should be run at a series of dosages (dose-sterility
test) when evaluating new strains, irradiation
facilities, or significant changes in the packaging
or handling of the insects.
Equipment.
•

Irradiator facility (typically gamma or electron
beam)

•

Plexiglas or screen cages

•

Petri dishes lined with dark, absorbent substrate
(e.g., black filter paper)

• Incubator or other environmentally controlled
space
•

Dissecting scope

Procedure.
Pupae are irradiated according to procedures that
are used for SIT production.
A packaging
container (bag or bottle) holding standard volume
of pupae, rather than a reduced sample, should be
irradiated for sterility checks. This will help
ensure that dosages absorbed by the test insects are
comparable to those absorbed by insects that are
destined for release in the field. After irradiation,
a sample of pupae should be taken from that
volume using some means of assuring that pupae
from all portions of the packaging container have
an equal chance of being in the sample (e.g., a seed
riffler).

and feed ad libitum. When females approach the
age at which oviposition begins, they are provided
with an oviposition substrate from which eggs can
be readily extracted and that is appropriate for the
species and strain. For example, C. capitata from
strains that oviposit readily through small holes in
plastic pipe can be offered a medicine vial with
numerous small perforations that contains a moist
section of synthetic sponge. Eggs are removed
from the oviposition substrate within 24 hours. For
dose-sterility tests, eggs should be collected daily
and counted or measured volumetrically to
determine effects of irradiation on egg production.
Simple sterility checks will typically be run using
an absorbed dose that should eliminate egg
production in irradiated females, so counts of eggs
aren't necessary. When available, =1000 eggs
(<24 hours old) from each cage are streaked onto a
moistened piece of black filter paper, dark blotter
paper, fine black cloth, or similar substrate. The
substrate is then placed into a petri dish that is held
under high humidity at =25° C until hatch is
complete. Numbers of hatched and unhatched eggs
are then counted. Replicate 3 times or until the
desired level of precision is achieved.
Interpretation.
Any egg production by females that were irradiated
at levels used for sterilisation in SIT programmes
indicates a serious problem with the irradiation
process or age of pupae at irradiation. Beyond
that, the degree of sterility required in programmes
is dependent upon the needs of the programme and
typically represents a trade-off between the
conflicting goals of high sterility and maximum
competitiveness. For example, high levels of
sterility (sterile males x normal females producing
<0.5% hatch) are required when sterile C. capitata
are released into areas that are historically free of
the pest. Hatch from fertile x fertile crosses should
be typical of what is seen in the rearing facility

Irradiated and unirradiated flies are separated by
sex within several hours of adult emergence. Fifty
males and 50 females (or more, if feasible) are
placed into each of four screen or Plexiglas cages.
One cage is set up for each combination of sex and
irradiation treatment: Irradiated Male crossed with
an Irradiated Female; Irradiated Male x
Unirradiated Female; Unirradiated Male x
Irradiated Female; and, Unirradiated Male x
Unirradiated Female). Flies are allowed to mate
lOMav 1999
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10.5. Eggs in Sterile Females
This test is designed to determine if the production facility is
irradiating pupae at the proper age. Females irradiated as
late as 1 day prior to emergence may contain viable eggs,
which would result in reproduction if mated with a normal
male.
From a sample of 100 pupae, dissect the first 10 females that
emerge and determine if eggs are present. This test may be
run at the production facility and/or the emergence and
release facility.
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11.

Appendix E: Terminology

Accessory gland - glandular structures associated
with the spermatheca that produce a material that
accompanies the sperm during ejaculation.
Adjacent-1 - genetic sexing strains which have a Ylinkage, produce adjacent 1 segregation at meiosis.
This produces 2 classes of genetically unbalanced
gametes. One class is characterised by a deletion of
one part of the Y-linked autosome, while the second
class contains the other part of the respective
autosome in triplicate. In the latter, a few individuals
survive to adulthood. Characteristically, adjacent 1
individuals exhibit lower emergence. Furthermore,
there is no evidence that the adjacent-1 individuals
reproduce (i.e. in most cases they are too weak to
mate and their longevity is reduced dramatically.)

Emergence (adult emergence) - the escape of the
adult insect from the cuticle of the pupa.
End user - the agency or personnel that actually use
or release the flies received from the producer.
Flight ability - adult capability to achieve a defined
flight performance.
Lek - a communal display site where males aggregate
for the sole purpose of attracting and courting females
and to which females come for mating.
Lux - a unit of illumination equal to one lumen per
square meter. The lumen is ca 1/683 Watt.
Mating pair - male and female flies in copula.

Aedeagus - the male sexual organ used to transfer
sperm to the female.
Assortative mating - a measure of sexual isolation
between allopatric populations.

Mating system - the process of assuring that males
and females of a species interact sexually for
reproduction. In the case of tephritid fruit flies, it is a
female choice system.

Calling - the act of dispensing pheromone by the male
fruit fly to attract the female.

Normal nonflyer - a fly that appears to be normal but
does not fly.

Compatibility (mating) - well suited, female of one
strain is able and willing to accept, for mating, the
male of another strain; includes synchrony and other
factors that cause reproductive disconformancy.

Overflooding ratio - the ratio of sterile flies to wild
flies in the population in an SIT program.

Competition - interaction between organisms that
share a limited environmental resource.
Competitiveness - ability of an organism to compete
with conspecific organisms for a limited
environmental resource.
Control chart - to plot a parameter with
predetermined limits on a time scale and to present
this information in an easy to interpret graphical form
such as on mean- or range-charts that have control
limit lines.
Copulation - a sexual union.
Courtship - the courting behaviour of male animals
with the expectation of mating.
Deformed (wings) - wings of flies that are not fully
expanded or are bent or crumpled.
Diel periodicity - time of day at which an organism
tends to exhibit a behaviour or trait.
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Process control - regulation of the performance of
production processes through feedback so that
deviations from product tolerances and specifications
do not occur. Parameters within the realm of process
quality control for fruit fly production include, among
others, percent egg hatch, eggs per unit of diet,
quantity of diet inoculated, percent pupation, age of
pupae irradiated, radiation dosage, environmental
monitoring, and personnel logs (who did what, when).
Production control - development, installation, and
maintenance of methods used to produce a product at
the greatest rate, most efficiently.
Product control the composite product
characteristics of production and testing to which the
product in use will meet the expectations of the
customer. Parameters within the realm of product
quality control for fruit fly production include, among
others, pupal weight, sex ratio, longevity, flight
ability, pheromone production and response, mating
propensity, and mating compatibility.
Pheromone - a chemical produced by one organism
that influences the behaviour of another organism of
the same species.
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Partially emerged - a fly that has not completely
emerged from the pupal case, ranging from only the
head free to the case adhering to the abdomen.
Packing - the act of placing the pupae into a package
and the package placed in a shipping container prior
to shipping.

Target population - the wild population that the
sterile flies are being released against.
Wild fly - flies that have never been domesticated or
held in a rearing colony

Propensity - an inclination or tendency; the tendency
for an individual insect to carry out an act, or for an
individual event to occur.
Quality - the degree to which a product meets the
requirements of the objective or of the expected
function.
Quality control - a systematic process whereby
managements) critically evaluates the elements of
production, establishes standards and tolerances,
obtains, analyses, and interprets data on production
and product performance, and provides feedback so as
to predict and regulate product quality and quantity.
Range - the area between limits of variation especially
as representing a scope of effective operation.
Recombination - The genetic exchange between two
homologous chromosomes leading to the occurrence
of recombinants. In case of genetic sexing strains, it
refers primarily to recombination in males resulting,
in the next generation, in a reversal of the sexing
system, i.e. recombinants are either wild-type females
or mutant males.
Remating - the act of a male or female mating again
at some time after the original mating.
Refractory period - the period between matings,
usually induced by a substance from the male that
inhibits the female from mating.
Specifications - possessing or concerned with
properties that characterise a factor used to describe a
quality aspect.
Sperm transfer - the successful transfer of sperm
from a male to a female during copula. This may be
accompanied by accessory gland fluid.
Standard - a quality or measure serving as a basis or
principle by which others conform or should conform
or by the accuracy or quality of others is judged.
Sterility - not able to produce, fruit fly eggs not able to
hatch due to infertile sperm.
Strain - a breed or stock of fruit flies, that have been
held in an isolated colonies for a period of time.
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